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CCK AND/OR GASTRIN RECEPTOR LIGANDS 



This invention relates to novel compounds that bind to the CCK and/or gastrin receptor 
with high affinity, to processes for the preparation of these compounds, and to their use in 
the treatment of certain disease states. 



BACKGROUND TO THE INVENTION 



Cholecystokinin (CCK) and gastrin are two members of a family of peptide hormones. 
They were originally discovered and described as agents acting oh organs of the 
gastrointestinal system. CCK stimulates the contraction of the gall bladder and the 
release of digestive enzymes from the pancreas. Gastrin stimulates the secretion of 
gastric acid. More recently CCK has been found in the brain, indicating that it may also 
act as a neurotransmitter or neuromodulator. 

Both CCK and gastrin are biosynthesised as prepro-honnones. The biologically active 
peptides are then released after a series of post-uanslational modifications. In the case of 
CCK a number of active forms are produced which vary in the number of amino acid 
residues they contain. The smallest is a tetrapeptide (CCK-4) and the largest has 58 
residues (CCK-58). A variety of gastrins are also known, of which the 17-residue peptide 
(G- 17) is probably one of the most important Additionally both CCK and gastrin have a 
tyrosine residue which is found as both the free phenol and as the O-sulphate. All the 
biologically active forms of both CCK and gastrin share a common tetrapeptide amide 
sequence at their C-terminus. The C-terminal sequences of the two peptides are: 

. . . -Asp-Tyr*-Met-Gly-T (CCK) 

. . . -Glu- Ala-Tyr*-Gly-T (Gastrin) 

(Tyr* = tyrosine residue which is optionally O-sulphated; T = Trp-Met-Asp-Phe-NH-,) 

Apart from its actions on the gall bladder and pancreas mentioned above CCK also 
influences secretion, absorption and motility in the stomach and intestines, and causes the 
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secretion of pancreatic hormones such as somatostatin. In the central nervous system 
CCK appears to be important in anxiogenesis. analgesia and appetite regulation. 

Gastrin plays a fundamental part in the control of gastric acid secretion, although the 
precise mechanism by which this secretion is regulated remains in doubt. Gastrin causes 
the release of histamine from the ECL-cells in the stomach wail. Histamine then 
stimulates the parietal cells to secrete acid. It is possible that gastrin can directly 
stimulate the parietal cells, but this in particular is a point of controversy. Gastrin also 
increases the blood flow in the stomach wall, but this might also be an indirect effect 
mediated by histamine, and exerts a trophic effect on the gastric mucosa. (For a more 
complete review, and leading references, see ref. 1). 

CCK and gastrin interact with their target organs through specific receptors located in 
the cell surface plasma membranes. It is generally agreed that there are two different 
CCK receptors. The CCK- A (for alimentary) type is found in the peripheral tissue, and is 
the receptor which mediates the actions of CCK on the pancreas, gall bladder and 
intestines. It is also found in certain specific brain regions, where it might be involved in 
the control of appetite. The CCK-B (for brain) receptor type is more widely distributed 
in the CNS, and is thought to be involved in anxiety and other central actions of CCK 
There is only one gastrin receptor type, found particularly in the stomach wall. It appears 
to show very similar ligand specificity to the CCK-B receptor, and the CCK-B receptor is 
commonly used as a model for the less readily isolable gastrin receptor. 

There is evidence that this simple classification system is incomplete. Some tissues 
appear to have heterogeneous CCK receptor populations, with both high and low affinity 
sites, and there is some variation in ligand specificity for CCK-A receptors in tissue 
preparations from different organs. (For more details see ref. 2). 

A number of approaches to the discovery of CCK and gastrin receptor agonists and 
antagonists have been tried and have led to the development of a wide variety of structural 
types as pharmacological tools for the elucidation of the function of CCK and gastrin in 
vivo and as potential drugs (see Figure). 

Simple modifications to the natural peptide structures have provided peptides with 
unusual amino-acids as well as amides, esters and "reduced" and other pseudo-peptides. 3 
A group from Abbott Laboratories has shown that conformationaUy restricted arnino-acid 
surrogates can give compounds of high affinity. 4 Other studies have restricted the 
peptide conformation by cyclisation between two amino-acid side chains. 5 
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Figure: Some Reparative CCK/Gastrin Receptor Ligands 
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Tryptophan derivatives have been widely explored. The earliest compounds studied, 
e.g. benzotript, were not very potent, but more recently disclosed compounds have 
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demonstrated better affinity. 6 Perhaps the best example of this development is CI-988, a 
tryptophan "dipeptoid" from Parke-Davis. 7 

A group from Rhone-Poulenc has disclosed a number of compounds which have some 
analogy with the tryptophan analogues developed by Biomeasure but which lack the 
indolylmethyl side chain.** 

Aspartic and glutamic acids have also provided important compounds. Again the 
original modest lead, proghimide. has been overtaken by more recent developments. 9 

Microbial metabolites are a traditional source of lead structures, and a number of 
compounds have been shown to have affinity for the CCK-receptor. 10 Probably the most 
significant of these is asperlicin. It has inspired an enormous effort in the development of 
benzodiazepine derivatives as CCK ligands. This particular area is probably the most 
active single area of research into new compounds as CCK and gastrin antagonists. * 1 

A group from Lilly has published its findings on a series of quinazolinones which are 
also inspired by the structure of asperlicin. 12 

A number of groups have disclosed compounds which can be broadly described as small 
heterocycles with pendant aromatic substituents. 13 These compounds may bind in a 
similar manner to the benzodiazepines. 

Cyclic nucleotide derivatives have been known for some time to be CCK antagonists. 
The best is dibutyryl cyclic GMP, but its affinity for the receptor is only modest compared 
with other types of compound. 14 

Finally, it has been demonstrated that some peptides and their analogues, which are not 
themselves homologous with CCK/gastrin. have some affinity for the CCK receptor. 
This has been shown in analogues of substance P, caltitonin-gene-related peptide and 
somatostatin. 15 
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DESCRIPTION OF THE INVENTION 

The compounds of the present invention are Ugands with a high affinity for CCK and/or 
gastrin receptors. They can be represented by the general formula A-B-C in which A. B 
Ld C are subunits as defined below and are linked by covalent bonds. It is presumed 
that the compounds of this invention achieve their potency by mimicking the C-terminal 
tetrapeptide which is common to CCK and gastrin, but this is not necessarily always the 
case. The important features of A, B and C are represented schematically below as 
general structure a: 
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a 



in which: 

5 1 is an optional substituent group, but when present is a hydrophobic residue 

5 2 is a mandatory substituent, and is always an aromatic (including 
heteroaromatic) residue 

5 3 is also mandatory, and is generally a hydrophobic residue (but with the 
exceptions mentioned below) 

is mandatory, and is a hydrophobic residue 
S 5 is optional, and is generally a hydrophilic or polar residue 

L 1 - L 3 are linking elements (covalent bonds or chains of atoms) which are 
optional with the proviso that if S* is present then L 2 must be present, and that at least 
one of L 3 and L 4 must be present 



Exceptions to the above fall into two categories: 

when S 5 is absent S 3 can be a hydrophilic residue, and 

when B is a group such as a proline residue men L 3 can take the place of S 3 

It is not the inventors' intention that the above be regarded as a definition of the 
invention. It is intended to be an aid to understanding the key features of the compounds 
of the invention, and it will be used below as a guide in explaining the development of the 
preferred embodiments of the invention. The precise scope of the invention is defined in 
Claim 1 below. 
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in oeneraL then. A is a unit that can have either one or two hydrophobic residues 
asatcned. When oniy one is present then it is an aromatic system, and A is a group such 
as isubstituted)phenvl carbamoyl, indoleacetyl or isoquinolinecarbonyL When both 
hydrophobic residues are present and the linking unit L* is absent then A numrcs a 
blocked aromatic arnino-acid such as BOC-tryptophan or benzoyl-phenylglycme. When 
L l is present then A is cyclic. The aromatic residue can either be pendant to tins ring or 
fused to it, giving, for example, a phenylproline and an indoline respectively, to these 
cases Si can be absent or it can be any hydrophobic group, for example a BOC- or a 

b6 ^r ^duTb there are three possibilities. When I? is present and L* is absent then B 
is analogous to an ammo-acid, or a residue that can mimic an autino-acid, such as for 
example O-benzyl-threonine or its "reduced" isostere. When L 3 is absent and L « 
present then B can be considered to be an N-alkyl amino-acid analogue. When both L 
and I* are present then B is cyclic. The ring can in itself constitute the hydrophobic 
residue S* for example when B is a proline residue. Alternatively, the residue can be a 
pendant group or, if it is cyclic, it can be fused to the ring of B, giving for example a 
substituted proline or an indoline respectively. 

For subunit C, if is absent then the subunit is analogous to an N-alkylated ammo- 
acid (as was B with L* absent and L* present), to this case S* must be present, and 
mimics the backbone of the arnino-acid. to some of the embodiments of the invennon S 
is extended and mimics a dipeptide chain. When is present S* can be absent, or rf it is 
present it performs a function analogous to that just described. With L* present S* can 
eitoerbependanttotoermgsoformed.oritcanbefusedwithit. 

We have found that certain combinations of the above options lead to compounds with 
hi*h affinity for the target receptors, and in some cases with high selectivity between 
receptor sub-types. The result of our studies is a group of novel compounds with 
pharmacological properties as good as. and often better than, CCK and gastrin receptor 
Lands previously described, which makes them useful in the treatment of certain 
ailments. These compounds are the basis of the present invennon. 

Conceptually, the compounds of the present invention are derived from the ammo-acid 
sequence of the naturaUyoccuring hormones. The starting point of our *^ on ^ 
an amide described by Martinez et aL (/nt J. Peptide Protein Res.. 28. 529-535, 198« 
We found that constraining the conformational freedom of the ester by cyclizauon gave 
compounds which retained some affinity for both CCK-A and CCK-B receptors. This 
key step is represented below. 
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b 

Comparing the structure of the cyciised compound (b) with the diagramatic 
representation of the compounds of this invention (a) described above shows the 
following set of correspondences: 

5 1 = BOC 

52 = Trpside chain 

5 3 = Leu sides chain 
= benzyl group 

= carboxymethyl group 
L*&L 4 absent 
L 2 ,L 3 &L S present. 

Further investigation demonstrated that potency was improved, particularly with respect 
to the CCK-A receptor, if the aromatic residue in S 4 was fused to the C ring (compound 
c), and that the BOC-araino group could be omitted. 




c 
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TO, teds » a first preferred embodiment of the pmseot invention, defined pmcisely in 

Bisahvdiwhobicamirio^diesidue.orasnirogsreofone: 
ctaCo-tosed niperidine or pyrrondine. toner sobsrimmd . carboxyl - 
mST— . 1* ea. be Hooted as an esmr. or eHended. for «ampie. by 



acvlatins an amino-acid residue, 
in nardcular, this preferred embodimeat of the invention includes; 

S !((2SV2^butyloxycarbony i.trypto P h^lainino).hexanoylJ-23- 
oihydroindote-2-carboxylate 

ram windole-l^tttoiiyHiheiiyiab^ , . 

c^-^vw^mindoie^^ 

<SM^>-2-<Indole- 2 -a^ 

carbonylaminol-propanoic acid. 

Further mvesueation revealed that deletion of the S* subsfituent in the compounds 
^hy Sly resulted in compounds which were more potent and selecuve for 
the CCK-A receptor (e.g. compound d). 
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Tliis leads to a second preferred embodiment of the present invention, defined precisely 
in Claims 16-18, in which: 

A is a fused heteroaromatic substituted acyl residue, or an N«-blocked tryptophan residue; 
B is usually a hydrophobic amino-acid residue, or a similar surrogate, but may also be a 
hydrophilic amino-acid residue, or a similar surrogate; 
C is a benzo-fused piperidine or pyrrolidine. 
In particular, this preferred embodiment of the invention includes; 

l-{rm-Butyloxycarbonyl-tryptophanyl-leucyI}-2J-dmydroindole 

H(2S>2-(<m-Butyloxyearbonyl-tryptophanyh^ 

l-{ (2S)-2-(3-Indote-3-propanoylamino)-hexanoyl }-23-dihydroindole 

l-{terr-Butyloxy(^bonyl-tryptophanyl-phenyIalanyl}-2,3-dmydromdole 

W(2S)-2-(/m-Butyloxy(^onyl-tryptophanyla^ 

dihydro indole 

Wten-Butyioxycarbonyl-tryptophanyM 

1- {rm-Butyloxycarbonyl-tryptoph^ 
H^Butyloxycarbonyl-tryptophanyH^ 
Wfm-Butyloxycarbonyl-tryptopiuwyl-gm^ 
^I^Butyloxycarbonyl-tryptophanyl^ 

2- {(2R)-2-(rm-Butyloxycaroonyl-tiypiophan^^ 
tetrahydroisoquinoline. 

Modifications at the A subunit of compounds typified by structure c indicated that 
smaller groups could be employed without mcurring a loss of activity. In particular, the 
replacement of BOC-Trp with an arylcarbamoyl residue (as in compound e) resulted in 
compounds which had high affinity for the CCK-A and/or CCK-B/gastrin receptor sub- 
types. 
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This leads to a third preferred embodiment of the present invention, defined precisely in 

Claims 2-7, in which: - 
A is a substituted or unsubstituted phenylcarbamoyl residue (Le. L*. and S are 

absent); 

B is a hydrophobic amino-acid. or a similar surrogate; 

C is a piperidine or pyrrolidine which may be benzo-fused or may have a pendant 
hydrophobic substituent. and which is further substituted with a carboxylor carboxyalkyl 
sidechain or a derivative thereof. 

In particular, this embodiment of the invention includes: 
(3R>2-[N-(3-CUorophenylcarbamoylKM>enzyl-tiu«onyl]-1^3,4- 

tetrahydroisoquinoline-3-acetic acid 

(3R)-2-|N-(3-Bromophenylcarbamoyll-0^benzyl-threonyl> 1,2^,4- 
tetrahydroisoquinoline-3-aceticacid 

(3R)-2-|N-(3-Memylphenylcarbamoyl)-0-ben2yI-uTConyl]-lA3.4- 
tetrahydroisoquinoline-3-acetic acid 

(3R)-2-[NK3-Acetylphenylcarbamoyl>0-benzyl-threonyl]-l,23,4- 
tetrahydroisoquinoline-3-aceticacid 

(3R)-2-^-(3-Isopropoxyphenyl(^amoyl)-0-ben^l-threonyl]-lA3.4- 

tetrahydroisoqumoline-3-acetic acid 
(3R)-2-[N-(3-Cyauophenylcart^^ 
3-acetic acid 

(3R)-2-[N-(3-Cmorophenylcarbamoyl)-0-«rr-butyl-threonyl]-lA3,4- 
tetrahydroisoquinoline-3-aceticacid 

(3R).2-[N-(3-CMorophenylcartoamoyI)-0-benzoyl-Uireonyl]- 1,2.3,4- 
tetrahvdroisoquinoline-3-aceucacid 

(3R)-2-[N-(3-CMorophenylcarbamoyl)-0-(4-chlorobenzylVu^nyl]-l,23,4- 
tetrahytoisoquinoline-3-acetic acid 

(3R)-2-[(2S)-2-(3-Trmuoromemylphenylcarbamoylamino)-hexanoyll-lA3.4- 
tetrahydroisoquinoline-3-acetic acid 
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(SW^-ffZSW-tS-Chlorophenylcarbamoylaminoj-hexanoyl]-!^,^ 
tetrahydroisoquinoline-3-aceuc acid 

(3R)-2-[(2S)-2<N-(3-Chlorophenylcaibamoyi)-meihylamino)-hexanoyl]-l,23.4- 
tetrahydroisoquinoline-3-aceticacid 

(3R)-2-[(2S)-2-(3ADichlorophenylcaitamoylamino)-4-phenyibutanoyl]-l,23,4- 
ietrahydroisoquinoline-3-aceac acid 

(3R)-2-[(2S)-2-(2-MethylphenylcarbamoylaminoM-phenylbutanoyl]-U3,4- 
tetrahydroisoquinoIine-3-acetic acid 

(3R)-2-[(2S)-2-(4-Methylphenylcarbamoylamino)-4-phenylbutanoyi]- 1 23,4- 
tetrahydroisoquinoline-3-aceiic acid 

(3R)-2-[(2S)-2-(3-Methoxyphenylcarbamoylamino)-4-phenyibutanoyl]-l t 23,4- 
tetrahydroisoquinoiine-3-acetic acid 

(3R)-2-[(2S)-2-(3-CMoiophenylcarbaraoylamino)^phenyibutanoyl]-l^JA 
tetrahydroisoquinoiine-3-acetic acid 

GRW-IW-Chloropbenyfc^^ 

(3R)-2-[N-(3-Bromopfaenylcarb^ 

(3R)-2-[N-<3-MethyIphenylcarba^ 
acid 

(3R)-2-[(2S)-2^3^1on)phenylcarbamoylamino>33-dimeihylbuianoyl]-U3 t 4. 
tetiahydroisoquinoline-3-aceticacid 

(3R)-2-[(S)-a^3<nUoiophenyicarbamoylamino)-phenylacetyn-1^3,4. 
tetrahydroisoquinoiine-3-acetic acid 

(3R)-2-[(S)-a-(3-Methyiphenylcarbamoylamino)-cyciohexaneaceiyl]- 1 ,23,4- 
tetrahydroisoquinoline-3-acetic acid 

(3R)-2-[(2S)-3.(2-Adamaniyloxy<^onyiamino)-2-( P henylcarbaraoyla^ 
lA3,4-tettahydroisoquinoUne-3-aceticacid 

(3R)-2-[(2S3R)-2-(3-CWorophenylcarbamoylamino)-3-phenyibutanoyl]-1^3 f 4. 
tetrahydroisoquinoline-3-acetic acid 

(3R)-2-[N-(3-ChlorophenylcarbamoyI)-0-benzyI-threonyl]-l,23,4- 
tetrahydroisoquinoline-3-carboxylic acid 

(3R)-2-[N-(3-Bromophenyicarbamoyl)-0-benzyl-threonyI]. 1 ,23.4- 
tetrahydroisoquinoiine-3-carboxylic acid 

(2R4S)-HN-(3-CMorophenyIcarta^ 
carboxylic acid 

(2R.4RM-[N-r3-CMoropbenylcarbamo^^ 
acetic acid 
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,2R,5SH-[N-(3-CMorophenylcarbamoyl)-0-te^ 
carboxylic acid 

(3R)-2-[(2S^R)-3-Benzyloxy-2-(3<hloropbenyicarbamoylamino)-butyl]4 
tetrahydroisoquinoline-3-acetic acid. 

The modification of the above structural types to give compounds with consistendy high 
affinity and selectivity for CCK-B/gastrin receptors was more involved, but could be 
achieved in two ways. The first originated in the discovery that by constraining the 
conformational freedom of the A subunit with the introduction of L 1 the selectivity for 
CCK-B receptors was improved. This gain could be further improved by the introduction 
of L 4 to constrain the B subunit (as in compound f). The affinity and selectivity of these 
compounds was found to be maintained when was removed (as in compound g). 




H 3 C L 

HO^O 



g 



This leads to a fourth preferred embodiment of the present invention, defined precisely 
in Claims 12-15, in which: - 

A is a benzo-fused nitrogen heterocyclic acyl residue in which the nitrogen is substituted 
with a hydrophobic group (i.e. S 1 , S 2 . L 1 and L 2 all present); 

B is a hydrophobic amino-acid residue or a similar surrogate, which preferably 
incorporates some degree of conformational restriction either through cyclization (as in f 
or by having a 3-amino-2-naphthoyl residue for B) or through N-substitution (as in g); 
C is a benzo-fused piperidine or pyrrolidine which may optionally be substituted at up to 
three positions. If such substituents are present then at least one is hydrophilic (for 
example a carboxyl or carboxyalkyl). 

In particular, this embodiment of the invention includes: 
(3R)-2-{ N-((2RH-Krt^ButyloxycaAonyl-23^ 
threonyl}- 1^.4-«etrahydroisoqumoliner3-acetic acid 
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(3R)-2-{ (2S)-2-((2R)- l-/m-ButyloxycarbonyI-2 .3-dihydroindole-2-carbonylamino)-4- 
phenylbutanoyl }- l,2J.4-tetrahydroisoquinolke-3-acetic acid 
(2R)-l-{(2S)-2-((2R)-Wm-Butyloxycarbonyl^ 
phenylbutanoyl}-2,3-dihydroindole-2-aceticacid 

(3R)-2-{ ((2R)- l-wrr-Butyloxycarbonyl-2 J-dihydroindole-2-carbonyl)-vaiyI }- 1.2 ,3,4- 
tetrahydroisoquinoiine-3-acetic acid 

(3R)-2-{((2R)-l-/m-Butylacetyl-2J-dihydroindoIe-2-carbonyl)-valyl}-l,23 t 4- 
tetrahydroisoquinoline-3-acetic acid 

(3R)-2M((2R)-l-rm-Butyloxycarbonyi-23^mydroindole-2-carbonyl).valyl}-l t 2^,4- 
tetrahydroisoquinoline-3-carboxyIic acid 

f3R)-2-{((2R)-l-/m-Butyloxy<^onyl-23 
tetrahydroisoquinoline-3-acetic acid 

(3R)-2-{(S)-a-((2R)-l-/m-Butyloxyrarbonyl-2,3-(lihydroindole-2-c^ 
phenylacetyl}-l,23,4-tetrahydroisoquinoline-3-aceticacid 
(3R)-2-{((2R)-l-im-Butyloxycarbonyl-2,3-dihy^ 
tetrahydroisoquinoline-3-acetic acid 

(3R).2-{(2R)-l-((2R)-l-fm-Butyloxycarbonyl-23-dihydroindole-2-carbonyl)-23- 
dihydroindole-2-carbonyl}-lZ3.4^trahydroisoquinoliiie-3-acetic acid 

(3R)-2-{(2RJS)-l-((2R)-l-fm-Butyloxycarbonyl-23-dihydroindoIe-2-carbonyl)-3- 
phenyl-pyrTOUdine-2-carbonylHA3.4-te^ acid 

C3R)-2-{(2R.4S)-l-((2R)-l-fm-Butyloxycarbonyl-23-dihydroindole-2-carb^ 
phenyltbio-pyrroUdine-2-carbonyl }-1^3,4.tetrahydroisoquinoUne-3-carboxyUc acid 
(3R)-2-{(2R,4S)-l-((2R)-l-rm-Butyloxycarbonyl-23-dihydroindole-2<arbonyl)-4- 
phenylthio-pyrroHdine-2-carbonyl }-lZ3,4-tetrahydroisoquinoline-3-aceiic acid 
(3R)-2- { (2R.4R)- 1-((2R)- l-rm-Butyloxycarbonyl-23Hlihydroindole-2-carbonyl)-4- 
phenyltMo-pym>li(line-2-c^^ acid 

(3R)-2-{(2R,4R)-l-((2R)-l-feiT-Butyloxycarbonyi-2J-dibydroindole-2-carbonyl)-^ 
benzyloxy-pyirottdine-2-ca^^^ 

(3R)-2- { (2R,4R)- 1-((2R)- l-rm-Butyloxycarbonyl-23-dihydroindoIe-2-carbonyl)-4- 
P&enoxy-pyrroHdine-2-carbonyl}-l,23^ 

(3R)-2H(2R.4R)-l.((2R)-l.rm-Butyloxycarbonyl-23-dihydroindoIe-2-carbonyl)^ 
phenyl-pyrroUdine-2-carbonyl}- lZ3,4-tetrahydroisoquinoline-3-acedc acid 

(3R)-2-{(2R,4S)-l-((2R)-l-rm-Butyloxycarbonyl-23-dihydroindoIe-2^^onyl)-4- 
phenyl-pyrroUdine-2^arbonyl)-UJ,4-tetrahydroisoquinoiine-3-acetic acid 
(3R)-2-{ (2R.4S)- H(2R)- l-/m-Butyloxycarbonyl-2J-dmy(iromdole-2K^rbonyl)-4- 
benzyl-pynx)Iidine-2-carbonyl }- 123.4-tetrahydroisoquinoline-3-carboxyUc acid 
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2-{ (2R5S)- H(2R> l^m-Butyloxycaibonyl-2 ,3-iKhydroin(iole-2-carbonyl)-5-phenyl- 

pynoUdine-2^arbonyl}-1.2.3.44etrahydroisoquinoline * 

Methyl (3R>2-{(2RJSM-((2RM-rm^utyloxycarbo^ 

5-phenyl-pynolidine-2-carbonyl }-l,23.4-tetrahydroisoquinoline-3-carboxylate 

(3R)-2-{ (2R^S)-1-((2R)- l-rerr-Butyloxycarbonyl-2,3-<lihydroindole-2-cart)onyl)-5- 

phenyI-pyrrolidine-2-carbonyl}- U^.4-tetrahydroisoquinoiine-3-caiboxyUc acid 

(3R)-2-{(2R^S>l-((2R)-l-fm-Butyloxycarfaonyl-23^ihydroindole-2-carbonyl)-5- 

phenyl-pyrrolidine-2-carbonyl }-l23,4-tetrahydroisoquinoline-3-carboxamide 

N-{(3R)-2-{(2R3S)-W(2RH-fen*Butyloxycart^ 

phenyl-pytroUdine-2K:arbonyl}-lZ3 t 4-tetrahydroisoquinoline-3-c^ 

(3R)-2-{ (2R^S)- H(2R)- l-Neopeniyloxycarbonyl-23-dihydR>indole-2-carbonyl)-5- 

phenyl-pynolidine-2-carbonyi }- lX3,4-tetrahydroisoqoinoline-3-caiboxylic acid 

(3R)-2-{(2R^S)-l-((2R)-l-IsopiopyloxycarbQnyi-23Hiihydroindole-2<arfao 

phenyl-pyirolidine-2-carbonyU- 123,4-tetrahydroisoquinoline-3-caiboxylic acid 

(3R)-2-{(2R^S)-H(2RH-Cyclohexyloxyca*^ 

phenyI-pyiroUdine-2H;arbonyl}-iZ3>EtrahydiDisoquinoline-3-c^ 

(3R)-2-{ (2R5S)- l-({m)-I-(2-Adamanwl)oxycarbonyl-23-dihydroindole-2-carbonyl)-5- 

phenyl-pytrolidine-2-carbonyl}- l,23.4-tBtrahydroi5oquinoliiie-3-carboxylic acid. 

(3R)-2-U2R,5SM-((2R)-l-r£rr-Butyl<^amoyU 

pym)lidine-2-carbonyl}-1^3,4-tetrahydroisc^uinoline-3-carboxylicarid 

(3R)-2-{(2R^SVl-((2R)-l-ierr-Butykcetyl-23^ydroindole-2^arbonyl)-5-phenyU 

pym>lidine-2<arbonyl}-lZ3.4-tet^ 

(3R)-2-{(2R^S)-l-((2R)-l-Kn-Butyloxycarbonyl-23-dihydroindole-2HaAonyl)-5- 

phenyI-pyrroBdine-2^arbonyl}-12.3,4-tettahydroisoquinoline-3-acetic acid 

N-{ (3R)-2-{ (2R5S)- 1-((2R)- l-arr-Butyloxycarbony l-23-dihydroindole-2-carbonyl)-5- 

phenyl-pyiroIidine-2-carbonyl}- 1^3,4-tetrahydroisoquinoline-3-acetyl}-proline 

N-{(3R)-2-{(2R£S)-W(2RM-fOT-Butyloxycarbo^^ 

phenyl-pytroH(iine-2w:arbonyl}-i^ 

(3R)-2-{(2R^S)-I-((2R)-l-Neopentyloxycarbonyl-23Hiihydroindole-2-K^onyl)-5- 

phenyl-pyitolidine-2-carbonyl }- U3,4-tetrahydroisoquinoline-3-acetic acid 

(3R)-2-{(2R4SH^(2RH^yclohexyloxycartonyW 
phenyl-pyitoIidine-2^arbonyl^U3,4-tetrahydroisoquinoIine-3-aceticad^ 

(3R)-2-{(2R^SH-(C2R)-H2-Adamamyl)oxyc^ 

phenyl-pyitoUdine-2^arbonyl}-12J,4-tettahydroisoquinoline-3-are 

(3R)-2-{(2R^5S)-l-f(2R)-l-terr-ButyloxycarbonyI-23-dihydroindoIe-2-carbonyl)-5- 

phenyl-pyrroUdine-2*arbonyl}-i;U^ 
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(3R)-2-{ (2R.5S)- 1-((2R)- l-wrr-Butyioxycarbonyl-23-dihydroindole-2-carbonyl)-5- 
pbenyl-pyrroliclrae-2^arbonyl}-lZ3,4-te^ 

(3R)-2-{ (2&5S)- 1-((2R)- l-rm-Butyloxycarbonyl-2,3-(Iihydroin(iole-2-carbonyi)-5- 
ben2yl-pyrroiidine-2-carbonyl } - 1 2J,4-tetrahydroisoquinoiine-3-acetic acid 

(3R)-2-{ (2R^SM-((2R)- l-ttrr-Butyloxycarbonyl-2J-dihydroindole-2-carbonyI)-5-{2- 
napbthyl)-pynoU(iiiu;-2s;arbonyl}-l^ 

(3R)-2-{ (2S.5R)- 1-((2R)- l-«rf-Butyloxycarbonyl-23-dihydroindole-2-carbonyi)-5- 
phenyl-pyiroUdine-2-carbonyl}- U3.4-tetraby(lroisoquinoline-3-carboxyiic acid 
(3R)-2-{(2S.5RM-((2RM-fm-Butyloxycarbo^ 

phenyl-pynoUdbe-2^arbonyl}-U3Atetrahy(iroisoqukolme-3-aa 
(3R)-2-{N4>henemyl-N-((2R)-l-/m-butyto^ 

giycyi}-1^3,4-tBtrahy<lroisoquinoline-3-carboxyfic acid 

(3R)-2-(N-3-PhMylpropyi-NK(2R)-l-/Brr.butyloxycarbonyl-2,3-dmydroind 
carbonyl)-glycyl}-U3,4-tetrahy<iro^ 

(3R)-2-{ N-Benzyl-N-((2R)- l-w/T-batyloxycarbonyl-23-dihydroindole-2-carbonyl). 
glycyl}-12,3,4-tetrahydroisoquinoline-3-acetic acid 
(3R)4«{N-Ptofflethyl-N^(2RM-/m-butylo^^^ 
glycyl }-1^3,4-tetrahydroisoquinoiine-3-acetic acid 
(3RW-{N-3-Phenylpropyl-N-((2R)-l-/m4>^ 

carbonyl)-giycyl}-U3.4-tetrahydroispquinoline-3-aceiic acid. 

(3R)-2-{3-{N-Phenetfiyl-N^(2RM-tt^^ 

amino }-propanoyl }-1^3,4-tetiahydroisoquinoiine-3-acetic acid 

(3R)-2-{N-Ptenethyl-N-((2R)-l-ten^ 

glycyl }-l^,4-tetrahydroisoquuioline-3-acetic acid 

(3R)-2-jN-Phenethyl-N-((2RM-neopen^^^ 

glycyl }-1^.4-tetrahydroisoquinoline-3-acetic add 

(3R)-2- { N-Phenethyl-N-((2R)- 1 -cyclohexyioxycaibonyl-23-dmydroindole-2-carbonyl)- 
glycyl}-l^Ateaahydroisoquinoline-3-acetic acid 
(3R)-2-{N-3<:Morophenefoyl-NK^^ 
carbonyl)-glycylH.23.4-tetiahydroisc<j^^ 
(3R)-2^NK2,Oxo-2-phenylewyl)-N^<2RH^ 

carbonyl)-glycyl}.1^3.4-teirahydtoisoqumoliiie-3-aceticacid 
(3R)-2-{N-(2-(3-fodolyI)emyl)-N-((2RM-te^^^ 
carbonyl)-giycyI }- 1 Z3,4-teirahydroisoquinoline-3-aceiic acid 

(3R)-2-{N-Pbenemyl-N^(2R)-l-/m.butyloxy(^bonyl-23^ydromdole-2^arbonyl)- 
gly(^l}-I^3.4-tettahydn>-benz(/|isoqumoline-3-carboxylic acid 
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{3 R W N-Phene^ 

dycyl}-1.2J.4-tetrahydro-benz(/lisoquinoline-3-acetic acid 
dycvn-U3.4-tettahydroisoquiiioiine-3-aceiic acid 
n aphtb^ne-2*arbonyl}-U^^ 

naphthalene-2^nyl}-l^ acid 
OT-2-{(2RH-C(210-i-^^ 

2^iihydiopynole^^^ n < 

(3 R>2-{(2WS>W(m)-Wm-Bntylo X yc a ri^ 

phenyl-pynouane^^ w 
(3R)-2-{(2S)-2-((2R>^^^ 

phenylbutanoyl}-U3,4^trahy(lroisoquinoliiie-3-acetic acid 

UW2-{(2RJ>S)-M(m^^^ 
phenyl-pynoUdi^^ 
N-<<3R)-2-{<2S^-H<2m^^ 
phenyl-pyrroUdiiie-2^^ 

pbenyl-pynoUdi^^ 
(3R>2-{C2R^S)-H<2RMwerr-Bu^^ 

benzyl-pyrroUdi^^ *f 
( 3RV2-{N-2<aaorophenethyl.W(2RVWm.batyloxyc^ 

<^bonvl>glycyl}-U^^ ^ ^ A . ... 

(3Ry2l{N-4^orophenethy^^ 

carbonyl)-glycylHA3.4-!e^^ m9jruA . . «- ~ 

carbonyl)-aly^i}-U3,4-tettahydroisoquiaoline-3-acetica(ad 
( 3R)-2-{N-3-Methoxyph^ 

carbonyl^yc^l^U^^trahydroisoquinoline-S-acedcad^ 
(3 R)-2-{N^Methoxyph^^ 

caibonyl)-glycyl}-U3,4-tetrahydroisoquinoiine-3-acettcadd 

dycyn-U^.4-tetrahydro-benz[h]isoquinotoe-3^oxyhc 

^ycyU-l^Atetrahydroisoquinoline-4-aceticacid 
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(4RS)-2-{ (2RJS)- l-((2R)- l-/m-Buwioxycarbony!-23-dihydroindoIe-2-carbonyl)-5- 
phenyi-pynolidine-2-carbonyl }- 1 Z3.4-tetrahydroisoquinoline-4-acetic acid 
(3R)-2-{ (2RJS)- 1-((2R)- l-Cyclobutyloxycarbonyl-13-dihydroindoie-2-carbonyl)-5- 
phenyl-pyrrolidine-2^bonyl}-lZ3.4-te^ 

(3R)-2^(2RJS)-l-((2R)-l<:yclopentyloxycarbonyl-23-dihydroindole-2Kaitonyl)-5. 

phenyl-pynoUdine-2-<:arbonyl }-1^3,4-tetrahydroisoquinoline-3-acetic acid 

(3RV2-{(2R^S)-l-((2RMCyclopentyloxyc^onyl-2^ 

phenyl-pynotfdine-2<arbonyl}-l,23,4-te^ 

(3R)-2-{(2R3S)-l-((2R)-H2-e«0-Norbomyl)oxy<^^ 

5-phenyl-pyiroUdine-2-carbonyl }- U3.4-tettahydroisoquinoline-3-carboxylic acid 

(3R)-2-{ (2R^S)- l-((2R)-l<:yciododecyloxy(^onyi-23^ydioindole-2-carbonyl)-5- 

phenyl-pyiroUdine-2<arbonylH^ 

(3R)-2-{N-Pheiwthyl-N-((2RM-n-pro^ 

glycyl } - 1 ^3,4-tetraliydroisoquinoiine-3-acetic acid 

N-{(3R^2-{(2SJR)-l-((2RM-fm-Butyloxyairb^ 

phenyl-pym)iidine-2<arbonyl}-U3,4^tetrahydroisoquinoline-3-ace 

(3R>-2-{N-2-(2-Methoxyphenyl)ethyl-N-((2R)-l-(;m-butyloxycarbonyi-2^ 

2-carbonyl)-glycyl J- U3 Atetrahy(lroisoquinoUne.3-cart)oxylic acid 

(3RV2-{(2R^S)-l-((2RW-(3.3-Dimettaylb^^ 

carbonyl)-5i>heny!-pynoH^ 

acid 

(3R)-2-{(2R4SMK(2R)-l^ycloheptyloxyc^ 
pfaenyl-pynoUdine-2-carbonyl}-i;yAtetn^^ 

(3RV2-{(2R^SM-((2R)-M(lS)-«i^Bomyl)oxycaibo^ 

carbonyl)-5-phenyl-pyrroUdire^^ 

acid 

(3R)-2-{(2RJS)-H(2R)-l-((lR^RJR^S)-Isopinocampheyl)oxycarbonyl-23- 
dihydroindole-2-carbony I)-5-phenyl-pyrrolidine-2-carbonyl } - 1 ,23,4- 
tetrabydroisoquinoline-3-carboxylic acid 

(3R)-2-{ (2R^S)-1-((2RV1-((1S^S JS^R)-Isopinocampheyl)oxycarbonyl-23- 
dihydroindole-2-<^onyl^5-phenyi-pynDUdine-2-carbonyl)-1^3,4. 
tetrahydroisoquinoline-3-carboxylic acid 
(3R)-2-{(2R3SH-((2RH^33-Dimethylbutyi)oxy<^^ 

carbonyi)-5-phenyi-pyrrolidine-2-carbonyl }- 1X3 .4-teirahydroisoquinoIine-3-acetic acid 
(3R)-2- { (2R^S)-l-((2R)-l-( l-Piperidino)carbonyI-2,3-dihydroindole-2-carbonyl)-5- 
phenyl-pyrToHdine-2-carbonylH33.^ 
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(3R)h2M (2R^SM-((2RH-(N^y^^ 

caftonyn-S^heay^^ 

acid 

(3R>2-U2R^SM-((2RH-(4-Ktt-Buty^ 

carboayO-S-pbenyl-^^ 

acid 

(3R)-2-{(2R£SW-((2RM-(2<:ty4i«^^ 

carbonyl)-5-pfaettyi-p^^ 

acid 

(3R)-2-{(2R^S)-H(2R)-I-(2-OTBis-Methylcycloh^ 

car bonyl)-5-phenyi-py^^ 

acid 

(3R)-2-{N-Pfiene!byl-NK<2RMK^ 

(3RV2-{(2R^S)-H(2R>l-Cy«tolBxytaieihyto 

S-phenyl-pynolitiine-^^ 
(3R>2-{(2R£S)-M(mH-(2^ycfohexylet^ 

carbonyl>5-pfaenyH>yno^^ 

acid 

N-{(3RV2^(2R3S)-L-((2RH^yclDhexyloxyc^^ 

phenyl-pyrroUdine-2*arbo^ 
N-{(3R)-2-{(2R^SH-((2RH-Neopen^ 

pheayl^yiroIidine-2-c^^ 

(3R)-2-{(2R3S>H(2R)-I-i«it-Bulyioxyraib(myI^ 

pynolidine-2-carbonyi}-U3Atetndiydtoisoquinoline.3-^ 

(3R)-2-{N-3-Methylphenethyl-^^ 
catbonyl)-giycyl}-U3Atetrahydroisoqainolin6-3-aceticacid 

da y droindole-2^onyl)-g^ 

(3R)-2^N-a-Tliienyi)ethyl-N<(2R>I<ydohBxytoxyca^^ 

carbonyl)-glycyl}-l^>tetrahydroisoquinoline-3-acedcad^ 

(3R)-2-{N-((2RS)-i;U.4-Tet^^ 

da y droindole-2^onyI)-g^ acid 
(3R>2-{(2R4S)-W(2R>l^lol^loxycaib(myi-23Miihy^ 

methoxyphenyl)-pyrroUd^^^ ** d 
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(3R>-2-{N-(todan-2-yl)-N-((2R)-l-cyclohexylox^ 
glycyl } - l,2,3,4-tetrahydroisoquinoline-3-aceuc acid 

The second modification which yields potent and selective CCK-B/gastrin receptor 
ligands involves the deletion of L 5 (equivalent to the excision of the cyclic amide bond 
from b) to give a series of tertiary amides, fa this series S 1 is not required and the 
compounds are structurally less complex (as in h ). 




This leads to a fifth preferred embodiment of the present invention, defined precisely in 
Claims 8-11, in which: 

A is an acyl residue with an aromatic substituent; 
B is a hydrophobic amino-acid or a similar surrogate: 

C is an N-substituted amino-acid or similar surrogate, where the N-substituent is an alkyl, 
cycloalkyl, araikyl or aryl group, and the carboxy terminus may be the tree acid or may 
be blocked as an ester or amide, or may be extended, for example, by acylating another 
amino-acid residue. 

In particular, this preferred embodiment of the invention includes: 
MemylN-(2-cyclohexylemyl)-N-({2S)-2-(3-mdoleacetylammo)-hexanoyl^ 

N-(2-CyclohexyIemyl)-N-((2S)-2-(3-fadoleacetyiammoHexanoyl>glycine 

l-{ N-a-Cyciohexyletoyl)-N-((2S^ 

pyrrolidine 

Memyl N-{N-(2-cyclphexyIetoylW 
prolinate 

N-{N-(2-Cyclotexylefoyl)-N-(^ 

N-{N-f2-Cyclohexylemyl)-N-((2S)-2-(3-indoleacetylammo)-hexanoyl)-glycyl}-D- 
pipecolic acid 

N-{N-(2-Cyclohexyletoyl^N-((2S)-2-(3-tad^^^ 

l-{N-(2-Cyclohexytaefoyl)-N-«2S)-2-(3-^ 

pyrrolidine 

MN-(2-CyclohexyImemyl)-N-(f2S)-2^^ 
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M N-fCyclooctyimemyW^ 

l-{3-{N42-Cyclohexylefoyl^ 

propanoyi}-pyrrolidine 

N . ( 3-Cyclohexylpropyl^^^ 

N-(3-Cyciohexylpropyl)-N^^ 

N-(2-Cydonexylethyl)-N^^ 

glycine 

N-{N«Phenethyl-N<<2SW^^ 
l-{N-a^cIohexylethyl>NHN-(3-inddeacetyl>phenylaIan^ 

H N-(2-Cyclohexylemyl)-N-((2^^^^ 

proline 

Where the compounds of the present invention are capable of forming salts with 
inorganic and organic acids and/or bases then those phannaceutically acceptable salts are 
included within the scope of the invention. Examples of such salts include sodium, 
potassium and tetra-alkyl ammonium salts of acidic compounds, and chlorides, sulphates 

and acetates of basic compounds. 
Where the compounds of the present invention contain a carboxyiic acid moiety then 

these may be administered in pro-drug form as simple esters. 

SYNTHETIC METHODS 
GENERAL 

The synthesis of the compounds of the present invention can be considered as involving 
two stages In Stase 1 the individual components A, B and C in general formula I are 
prepared from commercially available starting materials if they are not themselves 
available. Durins Stage 1 protecting groups may be introduced into A, B and C in order 
to obviate side reactions in Stage 2. The second phase involves assembling the individual 
components into the finished compound. During Stage 2, apart from the crucial A-B and 
B-C bond forming reactions, selective manipulation of the protecting groups may be 
necessary At the end of Stage 2 final adjustments can be made to complete the synthesis. 

Using general formula I as the target, a. typical synthesis might involve the following 
steps: 
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Stage 1 

pre- A <=> steps PG^-A . 
pre-B o steps o PG2-B 
pre-C o steps «=> C-PG 3 

where PG 1 - PG 3 are protecting groups. 

pre-A - pre-C are commercially available precursors. 

Stage 2 

PG2-B + C-PG 3 => PG^B-C-PG 3 
PG2-B-C-PG 3 o B-C-PG 3 
PG*-A + B-C-PG 3 PG 1-A-B-C-PG 3 
PG^A-B-C-PG 3 o A-B-C 

Depending on the precise nature of A, B and C the order in which the components are 
coupled together may be varied. Thus it might be advantageous to form the A-B 
fragment first and couple this to C. Another variation is possible when C can be divided 
into two sub-fragments (e.g. when C is XK, or XVI with R 14 is XXII). In these cases 
one of the sub-fragments can be introduced at a late stage. If C is composed of the sub- 
fragments C*-D then Stage 2 of the overall synthesis might be: 

PG 2 -B + Cl-PG 3 o PG^B-C^PG 3 
PG 2 -B-C 1 -PG 3 o B-C^PG 3 
PG*-A + B-Ci-PG 3 o PG l -A-B-C*-PG 3 
PGi-A-B-Ci-PG 3 o PG^A-B-C 1 
PG^A-B-C 1 + DO PGi-A-B-C 
PG J -A-B-C o A-B-C 

The chemistry involved in preparing the compounds of the present invention depends on 
the nature of A, B and C. The specific Examples which follow make use of reactions 
which are established in the literature for analogous transformations. It is not the 
inventors' intention to restrict the scope of this patent solely to those reactions described 
explicitly in the Examples, but to include other methods which a person competent in the 
art might employ to achieve the same overall transformation. Also included are such 
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variations in the protecting groups and the order of assembly of the fragments as might be 
used by such a competent person. 

The general concepts outlined above (preparation of the fragments, coupling, and 
protecting group manipulation, will now be illustrated more fully in the following non- 
limiting Examples. 



EXPLANATORY NOTES 

In the following Examples: 

Rp TLC was performed on commercial silica plates (Merck Art 5714) 

HPLC: Buffer 1 0.1% TFA/H 2 0; Buffer H 0.1% TFA/MeCN 

System A: Novapak C 18 . 4 u. 8x100 mm; linear gradient 40% to 90% H into I 

over 25 min. at 1.5 mL/min. , 
System B: Spherisorb C I8 , 5 u. 4.6x100 mm: linear gradient 40% to 90% H into I 

over 25 min. at 0.8 mL/min. 
AAA: Hydrolysis 6ATHC1 + phenol at 150°C for 1.5 nr. 
lH NMR: Determined at 270 MHz in CDCI3. 
Mass spec: Positive ion FAB. 

Reagents were senerally used as supplied without purification. Solvents were HPLC 
grade" except THF which was distflled from Na/benzophenone. Silica gel for flash 
chromatography was Merck Kieselgel 60 (230-400 mesh). 
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EXAMPLE 1 




la (3R)-2-te/*ButyloxycarbonyM^,4-tetrahy^ ackL 

To a stirred suspension of D-l^J.4-tetrahydroisoquinoline-3-carboxylic acid (2.5 g, 
14.1 mmol) in dioxan (200 mL) was added di-terr-butyl pyrocarbonate (3.66 g, 16.9 
ramol) and a solution of KOH (0.79 g, 14.1 mmol) in H 2 0 (50 mL). The mixture was 
stirred at room temperature for 5 nr., and then the solvent was evaporated in vacuo. The 
residue was taken up in H2O and the solution was acidified with 10% aq. KHSO4 to 
pH=2. The mixture was extracted twice with EtOAc, and the combined extracts were 
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washed with brine, filtered (Whatman 51 1 PS phase separator), and concentrated in vacuo. 
The residue was triturated with pet. ether (b.p. 60-80°C) to give the title compound as a 
white solid (3.2 g, 82%). 

lb Methyl (3R)-2-tert-Butyloxyc^bonyl4^,4-tetrahydroisoquinoiine-3-acetate. 

To a stirred solution of la (10.9 g, 39.5 mmol) in EtOAc (120 mL) was added N- 
methylmorpholine (4.4 mL, 40 mmol). The solution was cooled to -20°C, and isobutyl 
chloroformate (5.2 mL. 44 mmol) was added dropwise. The mixture was stirred at -15°C 
for 20 min., then poured into a solution of diazomethane (from Diazald* 43 g, 200 mmol) 
in Et20. and the resulting solution was stirred at room temperature for 1 nr. Excess 
diazomethane was destroyed by the addition of glacial AcOH. The solution was washed 
successively with LQM NaHC03, HoO and brine, dried over Na2S04, and evaporated in 
vacuo. The residue was purified by flash chromatography on silica gel (eluant EtOAc:pet 
ether 25:75 v/v) to give (3R)-2-«n^buryloxycarbonyl-l^,4-tetrahydroisoquinolyl 
diazomethyl ketone (8.0 g, 26.6 mmol, 67%). 

This ketone was dissolved in MeOH (200 mL) and to this solution was added a solution, 
of silver benzoate (2 g, 8 mmol) in Et3N. The mixture was stirred at room temperature 
for 40 min., and then the solvent was evaporated in vacuo. The residue was taken up in 
EtOAc and washed successively with I.OAf NaHC03. H2O. brine. 0.3M KHSO4, H2O 
and brine, dried over Na2SC>4, and concentrated in vacuo. The residue was purified by 
flash chromatography on silica gel (eluant EtOAcrpet ether 18:82 v/v) to give the tide 
ester (6.5 g, 80%). 

lc Methyl (3R)-1 A3,4-tetrahydroisoquinoline-3-acetate hydrochloride. 

The BOC-protected ester lb (6.5 g, 21.3 mmol) was taken up in 4N HCi in dioxan (100 
mL) and the solution was stirred at room temperature for 90 min. The solvent was 
removed in vacuo, finally with toluene azeotrope, to give the title compound (5.0 g, 99%). 

Id Methyl (3R)-2-[N-tert-butyIoxycarbonyl-0-beiizyl-flireonyl]-l^,4- 
tetrahydroisoquinoline-3-aeetate. 

To a stirred solution of BOC-(0-benzyl)-threonine (866 mg, 2.8 mmol) and 
diisopropylethylamine (6.50 mL. 2.88 mmol) in ClhCb f2 ° cooled to -20°C, was 
added i?«(2K>xo-3^3xazoUdmyl)phosphinic chloride (BOP-CL 733 mg, 2.88 mmol). The 
mixture was stirred at -20°C for 20 min., then lc (483 mg, 2 mmol) and 
diisopropylethylamine (0.35 mL. 2 mmol) were added. The mixture was stirred at room 
temperature overnight, then poured into EtOAC. The solution was washed successively 
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with 10% KHSO4. satd. KHCO3, H 20 and brine, filtered (Whatman* IPS phase 
separator), and evaporated in vacuo. The residue was purified by flash chromatography 
on silica gel (eluant EtOAc:hexane 25:75 v/v) to give the title compound (678 mg, 68%). 

le Methyl (3R)-2-[N-(3<hlorophenylcarbamoyl)-0-benzyl.threonyl].U3,4. 
tetrahydroisoquinoline-3-acetate. 

A solution of the BOC-protected ester Id (159 mg, 0.32 mmol) in 4N HC1 in dioxan 
(10 mL) was stirred at room temperature for 90 min., then the solvent was removed in 
vacuo, finally with toluene azeotrope. The residue was taken up in CH2CI2 (lOmL) and 
cooled to 0°C Diisopropylemyiamine (60 uL. 0.32 mmol) was added, then 3- 
chlorophenylisocyanate (43 uL. 0.35 mmol), and the mixture was stirred at 0°C for 2 nr. 
The mixture was then diluted with EtOAc and washed successively with 10% KHSO4, 
satd. KHCO3. H 20 and brine, filtered (Whatman* IPS phase separator) and evaporated in 
vacuo. The residue was purified by flash chromatography on silica gel (eluant 
EtOAc:hexane 40:60 v/v) to give the title compound (152 mg, 86%). 
Rf (EtOAcmexane 50:50 v/v) 0.31 

lf ( 3R WN^3-CMorophenyIcarbamoyl)^-beiizyl.threonyl]-lA3,4- 
tetrahydroisoquinoline-3-aceticacid. 

To a stirred solution of the ester le (152 mg, 0.27 mmol) in dioxan (lOmL) was added a 
solution of LiOH ( 13 mg, 0.54 mmol) in H 2 0 (5mL). The mixture was stirred at room 
temperature for 1 nr.. then the solvent was removed in vacuo. The residue was 
partitioned between EtOAc and aq. KHSO4. The organic phase was washed with brine, 
filtered (Whatman* IPS phase separator), and concentrated in vacuo. The residue was 
purified by flash chromatography on silica gel (eluant EtOAc±exane:AcOH 65:35:1 
v/v/v), and the product was taken up in acetonitrile/water and lyophilised to give the title, 
compound (95 mg, 66%). 
Rf (EtOAc-hexane: AcOH 70:30: 1 v/v/v) 0.20 
HPLC System A ^=15.9' >99% 
Mass spec (FAB) m/e=536 [M+HJ+ 
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EXAMPLE 2 




2a Methyl (3R>2-[N-(3-bromophenylcarbamoyl)-0-benzyl-threonyl]-l,23»4- 
tetrahydroisoquinoIine-3-acetate. 

This was prepared following the method described for le on a 0.32 mmol scale using Id 
and 3-bromophenylisocyanate. The product was isolated in 71% yield after flash 
chromatography on silica gel (eluant EtOAchexane 50:50 v/v). 
Rf (EtOAc:hexane 50:50 v/v) 0.30 

2b (3RV2-[N-(3-Bromophenylcarbam^ 
tetrahvdroisoquinoline-3-acetic acid. 

This was prepared from 2a on a 0.23 mmol scale following the method described for If. 
The product was isolated in 59% yield (79 mg) after flash chromatography on silica gel 
(eluant EtOAc:hexane:AcOH 65:35:1 v/v/v). 
Rf (EtOAcmexane:AcOH 70:30:1 v/v/v) 0.20 
HPLC System A t R =!6.1' >98% 
Mass spec (FAB) m/e=582 [M+H] + 



EXAMPLE 3 
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3a Methyl (3R)-2-[N-(3-methylphenylcarbamoyl)-0-benzyl-threonyJ]- 123,4- 
tetrahydnrisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.68 ramol scale using Id 
and 3-methyiphenyiisocyanate. The product was isolated in 67% yield after flash 
chromatography on silica gel (eluant EtOAc:faexane 35:65 v/v). 
Rf (EtOAc:hexane:AcOH 50:50:1 v/v/v) 0.37 

3b (3R)-2-[N.(3-Methylphenylcartainoyl)-0-benzyl-ttireonyI].lJU,4. 
tetrahydroisoquinoline>3-acetic acid. 

This was prepared from 3a on a 0.46 mmol scale following die method described for If. 
The product was isolated in 68% yield (162 mg) after flash chromatography on silica gel 
(eluant EtOAc:hexane:AcOH 50:50:1 v/v/v). 
Rf (EtOAc:hexane:AcOH 50:50: 1 v/v/v) 0.20 
HPLC System A t R =14.7 >99% 
Mass spec (FAB) m/e=516 [M+H] + 

EXAMPLE 4 




4a Methyl (3R)-2-[N-(3-acetylphenylcarbamoyl)-0-beiizyl-tlireonyl]-lJ'3,4- 
tetrahydroisoquinoIine-3-acetate. 

This was prepared following the method described for le on a 0.21 ramol scale using Id 
and 3-acetylphenylisocyanate. The product was isolated by flash chromatography on 
silica gel (eluant EtOAc:peL ether 45:55 v/v). 
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4b (3R)-2-[N-(3^AcetyIphenyicarbM^ 
tetrahydroisoquinoline-3-acetic acicL 

This was prepared from 4b on a 0.21 mmol scale following the method described for lf- 
The product was isolated in 53% yield (61 mg) after flash chromatography on silica gel 
(eluant EtOAc:peL ethenAcOH 50:50:2 v/v/v). 
HPLC System B t R =8.8' >95% 
Mass spec (FAB) m/e=544 [M+H] + 



EXAMPLES 




5a Methyl (3R)-2-DV-(3-isopropoxyphenylcarb^ 
tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.31 mmol scale using Id 
and 3-isopropoxyphenylisocyanate. The product was isolated by flash chromatography 
on silica gel (eluant EtOAcrpet ether 35:65 v/v). 

5b (3R)-24N-(3-Isopropoxypfc^ 
tetrahydroisoquinoline-3-acetic add. 

This was prepared from 5a on a 0.31 mmol scale following the method described for If. 
The product was isolated in 40% yield (69 mg) after flash chromatography on silica gel 
(eluant EtOAc:peL ethenAcOH 45:55:2 v/v/v). 
HPLC System B t R =12.5' >95% 
Mass spec (FAB) m/e=560 [M+HI+ 
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6a Methyl (3R)-2-[N-(3-cyanophenyIcarbamoyI)-0-benzyl-threonyl]-1^3,4- 
tetrahydroisoquinoiine-3-acetate. 

This was prepared following the method described for le on a 0.31 mmol scale using Id 
and 3-cyanophenylisocyanate. The product was isolated by flash chromatography on 
silica gel (eluant EtOAcrpet ether 35:65 v/v). 

6 *> (3R)-2-[N-(3-Cyanophenylcarbainoyl)-0-benzyMhreonyl].lA3 t 4- 
tetrahydroisoquinoline-3-aceticarid. 

This was prepared from 6a on a 0.31 mmol scale following the method described for If. 
The product was isolated in 34% yield (55 mg) after Hash chromatography on silica gel 
(eluant EtOAcrpet. ethenAcOH 40:60:2 v/v/v). 
HPLC System A ^=13.3' 80% 
Mass spec (FAB) m/e=527 [M+H] + 
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EXAMPLE 7 




7a Methyl (3R)-2-[N-tert.butyioxycarbonyl-0-terT-butyl-threonyl]-lA3,4- 
tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for Id on a 0.41 mmol scale using N- 
BOC-O-rerr-butyl-threonine instead of N-BOC-O-benzyl-threonine. The product was 
isolated in 74% yield after flash chromatography on silica gel (eluant EtOAc:pet. ether 
25:75 v/v). 

7b Methyl (3R)-2-[N-(3-chlorophenylcarbamoyI)-0.tert-butyI-threonyI]-l^,4- 
tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.30 mmol scale using 7a 
and 3-chlorophenylisocyanate. The product was isolated by flash chromatography on 
silica gel (eluant EtOAc:peL ether 35:65 v/v). 

7c (3R)-2-[N-(3-Chlorophenylcarbamoyl)-0-rert-butyI-threonylI-l^,4- 
tetrahydroisoquinoIine-3-acetic add. 

This was prepared from 7b on a 030 mmol scale following the method described for If. 
The product was isolated in 56% yield (84 mg) after flash chromatography on silica gel 
(eluant EtOAcrpeL ethercAcOH 40:60:2 v/v/v). 
HPLC System A t R =l5.2' >95% 
Mass spec (FAB) m/e=502 [M+H]+ 
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8a Methyl (3R)-2-n^-te/»-batyloxycarbonyl^)-beii2oy|.threonyl]-l^A4- 
tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for Id on a 0.50 ramol scale using N- 
BOC-O-benzoyl-threonine instead of N-BOC-abenzyl-threonine. The product was 
isolated in 55% yield after flash chromatography on silica gel (eluant EtOAcrpeL ether 
30:70 v/v). 



8b Methyl (3R)-2-[N.(3-chlorophenylcarbamoyl)-0-ben2oyl.threonyl]-l^,^ 
tetrahydroisoquinoIine-3-acetate. 

This was prepared following the method described for le on a 0.27 ramol scale using 8a 
and 3-chlorophenyiisocyanate. The product was isolated by flash chromatography on 
silica gel (eluant EtOAcrpet. ether 40:60 v/v). 

8c ( 3R )*^rN-(3-Chlorophenylcarbamoyl)-0.beiizoyl.threonyll.lA3,4- 
tetrahydroisoquinoline-3-aceticacid. 

This was prepared from 8b on a 0.27 ramol scale following the method described for If. 

The product was isolated in 35% yield (52 mg) after flash chromatography on silica gel 

(eluant EtOAc:peL ethenAcOH 45:55:2 v/v/v). 

HPLC System B ^=12.2' >95% 

Mass spec (FAB) ra/e=550 [M+H1+ 
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EXAMPLE 9 




9a Methyl (3R>2-[N-tert-butyIoxycarboiiyI.0^4^WorobeiizyI)-threoiiyl]-l^A4- 
tetrahydroisoquinoIine-3-acetate. 

This was prepared following the method described for Id on a 0.50 mmol scale using hi- 
fi OC-0<4-chlorobenzyl)-threonine instead of N-BOC-O-benzyl-threonine. The product 
was isolated in 70% yield after flash chromatography on silica gel (eluant EtOAcrpet. 
ether 25:75 v/v). 

9b Methyl (3R)-2-[N<3Hidorophenylcarbamoyl)-OK4^orobenryl)-threonyI]- 
1 ^3 Atetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.35 mmol scale using 9a 
and 3-chlorophenyIisocyanate. The product was isolated by flash chromatography on 
silica gel (eluant EtOAc:peL ether 35:65 v/v), 

9c (3R)-2-[N-(3-Chlorophenylcarbamoyl)-0-(4-diIorobenzyl)-threonyl]-l r 2 T 3,4- 
tetrahydroisoquinoIine-3-acetic add. 

This was prepared from 9b on a 0.35 mmol scale following the method described for If. 
The product was isolated in 64% yield (127 mg) after flash chromatography on silica gel 
(eluant EtOAcrpet. ethenAcOH 40:60:2 v/v/v). 
HPLC System A ^=18.0' >99% 
Mass spec (FAB) m/e=570 [M+H} + 
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EXAMPLE 10 




10a Methyl (3R)-2-[(2S)-2.te/t-butyloxycarbonyIaiiiinohexanoyl].1^3,4. 
tetrahydroisoquinoIine-3-acetate. 

This was prepared following the method described for Id on a 4.0 mmol scale using N- 
BOC-(2S)-2-aminohexanoic acid instead of N-BOC-Opbenzyl-threonine. The product 
was isolated in 66% yield after flash chromatography on silica gel (eluant EtOAc:pet 
ether 25:75 v/v). 

10b Methyl (3R)-2-[(2SV2-(3-trifluoromethylphenylcarbamoylanrino>-hexanoyl]. 
1^3,4- tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.32 mmol scale using 
10a and 3-trifluoromethylphenylisocyanate. The product was isolated in 52% after flash 
chromatography on silica gel (eluant EtOAc:pet ether.AcOH 30:70:1 v/v/v). 
Rf (EtOAc:peL ethenAcOH 30:70:1 v/v/v) 0.31 
*H NMR 5 0.90 (3IUt); 1.2-1.8 (m); 3.6 (3&2s) 

10c (3R)-2-[(2S)-2^3-TiifluoromethyIphenyIcarbanjoylamino)-hexanoyl]-1^3,4- 
tetrahydroisoquinoIine-3-acetic add. 

This was prepared from 10b on a 0.16 mmol scale following the method described for 
If. The product was isolated in 70% yield (55 rag) after flash chromatography on silica 
gel (eluant EtOAcrpet. ethenAcOH 50:50:2 v/v/v). 
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HPLC System B t R =12.2' >98% 
Mass spec (FAB) m/e=492 [M+H]+ 

EXAMPLE 11 




lla Methyl (3R)-2.[(2S).2.(3H±lorophenylcarbamoylaininoy.hexanoyl]-1^3,4. 
tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.26 mmol scale using 
lOaand 3-chiorophenyIisocyanate. The product was isolated by flash chromatography on 
silica geUeluant EtOAcpet. ether 40:60 v/v). 

llb ^^^(^^(S-Chloropheiiylcarbanioylainino^Iiexanoyll-l^A^ 
te trail ydroisoquinoline-3-acetic add. 

This was prepared from lla on a 0.26 mmol scale following the method described for 
If. The product was isolated in 61% yield (73 mg) after flash chromatography on silica 
gel (eluant EtOAc:peL ethenAcOH 40:60:2 v/v/v). 
HPLC System A t R =l4.1* >98% 
Mass spec (FAB) m/e=458 [M+H1+ 
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EXAMPLE 12 




12a Methyl (3R)-2-[<2S)-2^N-*m-butyloxycarto^ 
tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for Id on a 0.40 mmol scale using N- 
BOC-(2S)-2-methylaminohexanoic acid instead of N-BOC-O-benzyl-threonine. The 
product was isolated in 57% yield , after flash chromatography on silica gel (eluant 
EtOAc:peL ether 20:80 v/v). 

12b Methyl (3R)-2-[(2S)-2-(NK3^orophenyicarbamoyl).methylainino)-hexanoyl]- 
lJ23,4-tetrahydroisoquinoIine-3-acetate. 

This was prepared foUowing the method described for le on a 0.23 mmol scale using 
12a and 3-chlorophenylisocyanate. The product was isolated by flash chromatography on 
silica gel (eluant EtOAcpeL ether 40:60 v/v). 

12c (3R)-2-[(2S)-2^N-(3^hlorophenyIcarbam 
tetrahydroisoquinoline-3-aceticacid. 

This was prepared from 12b on a 0.23 mmol scale following the method described for 
If. The product was isolated in 44% yield (48 mg) after flash chromatography on silica 
gel (eluant aOAe:pet ethenAcOH 40:60:2 v/v/v). 
HPLC System A ^=14.8' >98% 
Mass spec (FAB) ra/e=472 [M+H1+ 
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EXAMPLE 13 




13a Methyl (3R)-2-[(2S)-2-ta*-butylox^^ 
tetrahydroisoquinoIine-3-acetate. 

This was prepared following the method described for Id on a 1.27 mraol scale using N- 
BOC-(2S)-2-amino-4-phenylbutanoic acid instead of N-BOC-Obenzyl-threonine, The 
product was isolated in 71% yield after flash chromatography on silica gel (eluant 
EtOAc:peL ether 60:40 v/v). 
Rf (EtOAcrpeL ether 30:70 v/v) 0.19 

13b Methyl (3R)-2-[(2S)-2-(3,4^chloropte 
1^3,4-tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.30 mmol scale using 
13a and 3,4-dichlorophenylisocyanate. The product was isolated in 49% yield after flash 
chromatography on silica gel (eluant EtOAcpeL ether:AcOH 30:70:1 v/v/v). 
*H NMR 5 3.74,3.643.61 (3H,3s) 

13c (3R)-2-[(2S)-2-(3,4-DicMorophenY 
tetrahydroisoquinoiine-3-acetic acid. 

This was prepared from 13b on a 0.15 mmol scale following the method described for 
If. The product was isolated in 76% yield (62 mg) after flash chromatography on silica 
gel (eluant EtOAc:peL ether AcOH 70:30:1 v/v/v). 
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HPLC System B t R =14.4' 80% 
Mass spec (FAB) m/e=540 [M+H1+ 

EXAMPLE 14 




14a Methyl (3R)-2-t(2S)-2-(2-meftylphenylcarbamoyIaniino)-4.phenylbutanoyI]- 
1^3,4- tetrahydroisoquinoline-3-acetate. 
This was prepared following the method described for le on a 0.33 mmol scale using 
13a and 2-methylphenylisocyanate. The product was isolated in 85% yield and used 
without purification. 

14b (3R)-2-[(2S)-2-(2-MethyIphenylcarbamoylaimno)-4-phenyIbutanoyl]-1^3,4- 
tetrahydroisoquinoline-3-acetic add. 

This was prepared from 14a on a 0.28 mmol scale following the method described for 
If. The product was isolated in 58% yield (78 mg) after flash chromatography on silica 
gel (eluant EtOAcrpet ethenAcOH 60:40:1 v/v/v). 
HPLC System B t R =10.3' >98% 
Mass spec (FAB) m/e=486 [M+H] + 

EXAMPLE 15 
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15a Methyl (3R)-2.[(2S)-2-(4-methyIphenylcarbamoylamino)-4-phenyIbutanoyl]. 
12J3.4-tetrahydroisoquinoiine-3-acetate. ? 

This was prepared following the method described for ie on a 0.33 ramol scale using 
13a and 4-memylphenylisocyanate. The product was isolated in 91% yield and used * 
without purification. 

15b (3R)-2-[(2S)-2-(4-Methylphenyl<^bamoyIamino)-^phenylbutanoyl]-1^3,4- 
tetrahydroisoquinoline-3-acetic acid. 

This was prepared from 15a on a 0.30 mmol scale following the method described for 
If. The product was isolated in 69% yield (101 mg) after flash chromatography on silica 
gel (eluant EtOAc:pet. ether AcOH 60:40:1 v/v/v). 
HPLC System B t R =ll.l' >97% 
Mass spec (FAB) m/e=486 fM+H] + 

EXAMPLE 16 



13a 




16a Methyl (3R)-2-[(2S)-2-(3-methoxyphenyIcarbamoylamino)-4-phenylbutanoyl]- 
lr23,4-tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.20 mmol scale using 
13a and 3-methoxyphenylisocyanate. The product was isolated by flash chromatography 
on silica gel (eluant EtOAc:pet. ether 45:55 v/v). 

16b (3R)-24(2S)-2-(3-Methoxyphenylcarba^^ 
tetrahydroisoquinoiine-3-acetic acid. 

This was prepared from 16a on a 0.20 mmol scale following the method described for 
If. The product was isolated in 52% yield (52 mg) after flash chromatography on silica 
gel (eluant EtOAcrpet. ether AcOH 50:50:2 v/v/v). 
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HPLC System A t R =12.9' >99% 
Mass spec (FAB) m/e=502 [M+H] + 

EXAMPLE 17 




17a Methyl (3R)-24(2S)-2^3^hlorophenyicarbamoylaniino)-4.phenylbutaiioyl]- 
l£3*4*tetrahydroisoquinoline*3-acetate. 

This was prepared following the method described for le on a 0.20 mmol scale using 
13a and 3-chlorophenylisocyanate. The product was isolated by flash chromatography on 
silica gel (eluant EtOAc:peL ether 45:55 v/v). 

17b (3R>2-[(23)-2-(3-Chlorophenylcarbam 
tetrahydroisoquinoline-3-acetic acii 

This was prepared from 17a on a 0.20 mmol scale following the method described for 
If. The product was isolated in 74% yield (75 mg) after flash chromatography on silica 
gel (eluant EtOAcrpeL ethenAcOH 40:60:2 v/v/v). 
HPLC System A t R =15.6* >98% 
Mass spec (FAB) m/e=506 [M+H]+ 
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EXAMPLE 18 




18a Methyl (3R)-2-[N-terf-butyioxycart 
acetate. 

This was prepared following the method described for Id on a 3.0 ramol scale using N- 
BOC-valine instead of N-BOC-O-benzyl-threonine. The product was isolated in 54% 
yield after flash chromatography on silica gel (eluant EtOAcrhexane 20:80 v/v). 
Rf (EtOAcrhexane 20:80 v/v) 0.27 

18b Methyl (3R)-2^.(3<hlorophenylcarbamoyI).valyI]-1^3,4. 

tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.47 mmol scale using 
18a and 3-chlorophenyIisocyanate. The product was isolated in 61% yield and used 
without purification. 
Rf (EtOAc:hexane 60:40 v/v) 0.33 

18c (3R)-2-[N-(3-ailorophenylcarbamoyl)-valyI]-l^,4-tetrahydroisoquinoline-3^ 
acetic acid. 

This was prepared from 18b on a 0.29 mmol scale following the method described for 
If. The product was isolated in 47% yield (60 mg) after flash chromatography on silica 
gel (eluant EtOAc:hexane:AcOH 60:40:2 v/v/v). 
Rf (EtOAc:hexane:AcOH 60:40:1 v/v/v) 0.23 
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HPLC System A ^=1 1.9' >90% 
Mass spec (FAB) m/e=444 [M+H] + 

EXAMPLE 19 




19a Methyl (3R)-2-[N^3-bromophenylcarbamoyl)-vaiyI]-l,23,4- 

tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.47 mmol scale using 
18a and 3-bromophenylisocyanate. The product was isolated in 61% yield and used 
without purification. 
Rf (EtOAc:hexane 60:40 v/v) 0.33 

19b (3R)-2-[N^3-Bromophenylcarbamoyl)-vaM^ 
acetic acid. 

This was prepared from 19a on a 0.29 mmol scale following the method described for 
If. The product was isolated in 60% yield (85 mg) after flash chromatography on silica 
gel (eluant EtOAc:hexane:AcOH 60:40:2 v/v/v). 
Rf (EtOAc:hexane:AcOH 60:40:1 v/v/v) 0.24 
HPLC System A t R =12.5' >98% 
Mass spec (FAB) m/e=489 [M+H1+ 
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EXAMPLE 20 




20a Methyl (SW^P^-re/t-butyloxycarbonyl-isoleuwIl-l^^^ 

tetrahydroisoquinoIine-3-acetate. 

This was prepared following the method described for Id on a 0.58 mmol scale using N- 
BOC-isoIeucine instead of N-BOC-Obenzyi-thieonine. The product was isolated in 56% 
yield after flash chromatography on silica gel (eiuant EtOAcrpet ether 25:75 v/v). 

20b Methyl (3R)-2.[N.(3-methyIphenylcarbamoyi)-isoleucyi]-1^3,4- 

tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.16 mmol scale using 
20a and 3-methyIphenyIisocyanate. The product was isolated by flash chromatography 
on silica gel (eiuant EtOAcipet. ether 35:65 v/v). 

20c (3R)-2-l^-(3-Methylphenyicarbam 
3-acetic acid. 

This was prepared from 20b on a 0.16 mmol scale following the method described for 
If, The product was isolated in 70% yield (49 mg) after flash chromatography on silica 
gel (eiuant EtOAc:pet ethenAcOH 40:60:2 v/v/v). 
HPLC System A ^=12.4' >98% 
Mass spec (FAB) m/e=438 [M+H] + 
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21a Methyl (3R)-2-[(2S)-2^rt.butyloxycarbonylaniino-33-dimethylbutanoyl]. 
l,23,4-tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for Id on a 0.75 ramol scale using N- 
BOC-aS)-2-amino-33-dimeihylbutanoic acid instead of N-BOC-O-benzyl-threonine. 
The product was isolated in 18% yield after flash chromatography on silica gel (eluant 
EtOAcrpeL ether 25:75 v/v). 

21b Methyl (3R)-2-[(2S^2-(3^orophenylcarbairo 
lJU3,4-tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.14 mmol scale using 
21a and 3-chlorophenylisocyanate. The product was isolated by flash chromatography on 
silica gel (eluant EtOAcrpeL ether 35:65 v/v). 

21c (3R)-2-[(2S)-2-(3-CWorophenyicarba^^ 
tetrahydroisoquinoline-3-acetic add. 

This was prepared from 21b on a 0.14 mmol scale following the method described for 
If. The product was isolated in 73% yield (47 rag) after flash chromatography on silica 
gel (eluant EtOAc:pet. ethenAcOH 40:60:2 v/v/v). 
HPLC System B ^=10.6" >99% 
Mass spec (FAB) m/e=458 [M+H1+ 
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EXAMPLE 22 



H O 




22a Methyl (3R)-2-[(S)-a-/e^butyIoxycarbonylan^^ 
tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for Id on a 0.50 mmol scale using N- 
BOC-(S>a-araino-phenylacetic acid instead of N-BOC-O-benzyl-threonine. The product 
was isolated in 68% yield after flash chromatography on silica gel (eluant EtOAcrpet. 
ether 25:75 v/v). 

22b Methyl (3R)-2-[(S)-a-(3-chloropte 
tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.34 mmol scale using 
22a and 3-chlorophenyiisocyanate. The product was isolated by flash chromatography on 
silica gel (eluant EtOAccpeL ether 35:65 v/v). 

22c (3R)-2-[(S)-a-(3-raioropheny^^ 
tetrahydroisoquinoline-3-acetic acid. 

This was prepared from 22b on a 0.34 mmol scale following the method described for 
If. The product was isolated in 64% yield (104 mg) after flash chromatography on silica 
gel (eluant EtOAc:pet* ethenAcOH 40:60:2 v/v/v). 
HPLC System A ^=13.8' >95% 
Mass spec (FAB) m/e=478 [M+H] + 
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EXAMPLE 23 




H O 
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H H 
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CH 3 
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•TO 
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23a Methyl GR^KS^-tert-butyloxyca^ 
tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for Id on a 2.0 ramol scale using N- 
BOC-(S)HX-ainino-cyclohexaneaceiic acid instead of N-BOC-O-benzyl-threonine. The 
product was isolated in 58% yield , after flash chromatography on silica gel (eluant 
EtOAchexane 25:75 v/v). 
Rf (EtOAcrhexane 20:80 v/v) 0.32 

23b Methyl (3RV2-[(S).M3.methylphenylcarbamoylandno).cycIohexaneacetyl]. 
lr23,4-tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.58 ramol scale using 

23a and 3-methylphenyiisocyanate. The product was isolated in 76% yield after flash 

chromatography on silica gel (eluant EtOAc:hexane 35:65 v/v). 

Rf (EtOAc:hexane:AcOH 50:50:1 v/v/v) 0.43 

23c (3R)-^t(S^3-Methylphenylcart>amoyIanuno)^ydohexaneacetyl].l^A 
tetrahydroisoquinoline-3-acen'c acid. 

This was prepared from 23b on a 0.44 ramol scale following the method described for 
If. The product was isolated in 57% yield (1 17 mg) after flash chromatography on silica 
gel (eluant EtOAcmexane:AcOH 50:50:2 v/v/v). 



WO 93/20099 



PCT/GB93/00614 



48 

R f (EtOAc:hexane:AcOH 50:50:1 v/v/v) 0.21 
HPLC System A t R =l4.3' >99% 
Mass spec (FAB) ra/e=464 [M+H] + 



EXAMPLE 24 




24a N^e/t-Butyloxycarbonyi-N w -be^ 
acid. 

To a stilted ice-cold solution of N^BOC-L-diaminopropanoic acid (N. Kuchurrayk et 
al, Synth. Commun. 19, 1603, 1989: 1.37 g, 6.74 mmol) in H 2 0 (12 mL) was added a 
solution of NaOH (0.64 g, 13.5 mmol) in H2O. followed by benzyl chlorofonnate (1.08 
mL. 7.3 mmol). The mixture was stirred and allowed to warm to room temperature over 
3 nr.. then the solvent was removed in vacuo. The residue was partitioned between 
EtOAc and da KHSO4, and the organic layer was washed with brine, filtered (Whatman R 
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IPS phase separator), and concentrated in vacuo. The residue was purified by flash 
chromatography on silica gel (eluant EtOAc:AcOH 100:2 v/v) to give the title compound 
( 1.94 g, 85%). 

lH NMR 8 1.15 (9Hs); 3.45 (2Rbr); 4.20 (lH,br); 5.00 (2Rs); 5.7 (2R2br); 7.1-7.3 
(5Hjn) 

24b Methyl (3R)-2-[(2S)-3.beiizyioxycartonylai^ 
propanoyl]-l^^,4-tetrahydroisoquinoline>3*acetate. 

This was prepared following the method described for Id on a 3.3 mmol scale using 24a 
instead of N-BOC-O-benzyl-threonine. The product was isolated in 76% yield after flash 
chromatography on silica gel (eluant EtOAc:pet. ether 50:50 v/v). 
lH NMR 8 1.4 (9HOs); 3.6 (3H^s); 7. 1-7.4 (9H,m) 

24c Methyl (3R)-24J(2S)-3^berizyioxycarbo^ 
propanoyl]-1^3 t 4-tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.97 mmol scale using 
24b and phenylisocyanate. The product was isolated in 98% yield after flash 
chromatography on silica gel (eluant EtOAc:pet ethenAcOH 70:30:2 v/v/v). 
Rf (EtOAc:peL ethenAcOH 70:30:2 v/v/v) 0.37 

24d Methyl (3R)-2-[(2S).M2-adainantylox^^ 

(phenylcartamoylammohpropanoyn 

To a solution of 24c (380 mg, 0.72 mmol) in MeOH (25 mL) was added 5% Pd-on- 
carbon (catalytic), and hydrogen was bubbled through the mixture at room temperature/1 
atra. for 2 nr. The mixture was filtered through Celite R and the catalyst was washed with 
MeOH. The combined filtrates were concentrated in vacuo, finally with toluene 
azeotrope. The residue was taken up in CH 2 C1 2 ( 10 mL) and 2-adamantyl chloroformate 
(0.8 mmol) in CH 2 C1 2 (5 mL) was added dropwise with stirring, followed by 
diisopropylemylamine (excess). The mixture was stirred at room temperature for 12 nr. 
then poured into EtOAc. The solution was washed successively with 10% KHSO4, satd. 
KHCO3, H 2 0 and brine, filtered (Whatman* IPS phase separator) and concentrated in 
vacuo. The residue was used without further purification. 
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24e (3R)-24(2S)-3-(2-Adamantyloxycarbonyiamino»-2-(phenyIcarbamoyiarnino>- 
propanoyl]-l^J,4-tetrahydroisoquinoline-3-aceticacid. 

This was prepared from 24d on a 0.21 mmol scale following the method described for 
If. The product was isolated in 52% yield (66 mg) after flash chromatography on silica 
gel (eluant EtOAc:AcOH 100:2 v/v). 
HPLC System B ^=12.5' >98% 
Mass spec (FAB) m/e=575 [M+HJ+ 

EXAMPLE 25 



O 




1 



25b CH 3 25c 

25a Methyl (3R)-2-[(2S*3RV2-a2ido-3-phenyibutanoyl]-l-23,4- 

tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for Id on a 1.72 mmol scale using 
(2S3R)-2-azido-3-phenyibutanoic acid (R. Dharanipragada et aL Tetrahedron Lett.* 30. 
6841, 1989) instead of N-BOC-O-benzyl-threonine. The product was isolated in 62% 
yield after flash chromatography on silica gel (eluant EtOAcrpet. ether 20:80 v/v). 

25b Methyl (3RV2*[(2S3R)-2-(3^1oropheOT 
1^3«4-tetrahydroisoquinoline*3-acetate. 

To a degassed solution of 25a (271 mg, 0.69 mmol) in MeOH/CIfrC^ (20 mL + 3 mL) 
was added NH^HCOr (174 rag. 0.28 mmol) and 5% Pd-on-carbon (50 mg). The 
mixture was stirred at room temperature for 5 hr. then filtered though Celite R . The residue 
was washed with MeOH and the combined filtrates were concentrated in vacuo. The 
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residue was taken up in CH^Cb. washed successively with 5% KHCO3 m & brme - dried 
over NaiSO^ and the solvent evaporated in vacuo to give methyl (3R)-2-[(2S,3R)-2- 
amino-3-phenylbutanoyl]- 1 .23,4-tetnwydroisoquinoline-3 -acetate. 

One third of the product Ua. 0.23 mmol) was taken up in ClfrCh and treated with 3- 
chlorophenylisocyanate as described for ie. The product was isolated in 15% yield after 
flash chromatography on silica gel (eluant EtOAcrpet. ether 30:70 v/v). 
Rf (EtOAc:peL ether 30:70 v/v) 0.12 
l H NMR 8 1.29-1.42 (3H.m); 3.443.74 (3H.2s) 

25c (3R)-2-[(2S3R)*2-(3-Chlorophenylcarbamoyi^ 
tetrahydroisoquinoline-3-acetic add. 

This was prepared from 25b on a 0.035 mmol scale following the method described for 
If. The product was isolated in 88% yield (15 mg) after flash chromatography on silica 
gel (eluant EtOAc:hexane:AcOH 60:40:1 v/v/v). 
HPLC System B t R =11.9* >95% 
Mass spec (FAB) m/e=506 [M+H]+ 

EXAMPLE 26 




26a Methyl (3R)-1 A3AtetrahydroisoquinoUne-3-carboxylate hydrochloride. 

To a stirred suspension of D-U3,4-tetnmyaroisoquinohne-3-carboxylic acid (5g, 28 
mmol) in MeOH (60 mL) was added acetyl chloride (3.2 mL. 45 mmol), and the mixture 
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was heated ar reflux under No for 4 hr. The solvent was removed in vacuo, and the 
residue was partitioned between EtOAc and aq. KHCO3. The organic layer was washed 
with brine, filtered (Whatman R IPS phase separator}, acidified with AN HC1 in dioxan ( 10 
mL), and concentrated in vacuo. The residue was washed with pet. ether and dried over 
KOH to give the tide compound as a white powder (3.73 g. 58%). 

26b Methyl (3R)-2-[N-rm-butyloxycarbonyl-0-b 
tetrahydroisoquinoiine-3-carboxylate. 

This was prepared following the method described for Id on a 2.4 mmol scale using 26a 
instead of Ic The product was isolated in 68% yield after flash chromatography on silica 
gel (eluant EtOAcrpeL ether 25:75 v/v). 

26c Methyl (3R)-2-[NK3-chlorophenylcarbamoyI)-0-benzyl-threon^ 
tetrahydroisoquinoline-3-carboxylate. 

This was prepared following the method described for le on a (3.53 mmol scale using 
26b and 3-chlorophenylisocyanate. The product was isolated in 98% yield after flash 
chromatography on silica gel (eluant EtOAcrhexane 35:65 v/v). 

26d (3R)-2-[N-(3-(^orophenyIcarbamoyl)-0-benzyl-threonyU 
tetrahydroisoquinoUne-3-carboxylic add. 

This was prepared from 26c on a 0.52 mmol scale following the method described for 
If. The product was isolated in 32% yield (84 mgj after repeated flash chromatography 
on silica gel (eluant EtOAc:pec ethenAcOH 40:60:2 vAv/v and CHCl3:MeOH:AcOH 
100:1:1 v/v/v). 

HPLC System A t R =I6.0' >99% 
Mass spec (FAB) m/e=522 [M+H]+ 

EXAMPLE 27' 
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27a Methyl (3R).2.[N-(3.bromophenyIcarbamoyl)-0.benzyl-threonyll-U3.4. 
tetrahydroisoquinoiine-3-carboxylate. 

This was prepared following the method described for le on a 0.53 ramol scale using 
26b and 3-bromophenylisocyanate. The product was isolated in 75% yield after flash 
chromatography on silica gel (eluant EtOAc:hexane 35:65 v/v). 

270 (3R)-2-[N-(3-Bromophenylcarbamoyl)-0.benzyI-threonyl]-1^3.4. 
tetrahydroisoquinoline-3-carboxyIic acid. 

This was prepared from 27a on a 0.43 mmoi scale following the method described for 
If. The product was isolated in 34% yield (82 mg) after repeated flash chromatography 
on silica gel (eluant EtOAcpet. ethenAcOH 40:60:2 v/v/v and CHCl 3 :MeOH:AcOH 
100:1:1 v/v/v). 

HPLC System A ^=16.5* >99% 
Mass spec (FAB) m/es=566/568 [M+H]+ 



EXAMPLE 28 




phenylpyrroIidine-2-carboxylate. 

This was prepared following the method described for Id on a 0.36 mmoi scale using 
methyl (2R.4RM-phenylpyrrolidine-2H:arboxyIate (J; Krapcho et al. J.MedChem., 
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31.1148.1988) instead of lc The product was isolated in 82% yield and used without 
purification. 

Rf (EtOAcrpeL ether 40:60 v/v) 0.30 

28b Methyl (2R,4S>-l-[N-(3-chlorophenylcarbainoyl)-0-benzyI-threonyI]-4- 
phenylpyrrolidine-2-carboxylate. 

This was prepared following the method described for le on a 0.30 mmol scale using 
28a and 3-chlorophenylisocyanate. The product was isolated in 77% yield after flash 
chromatography on silica gel (eluant EtOAc:hexane 30:70 v/v). 
Rf (EtOAc.pet. ether 40:60 v/v) 0.20 
lH NMR 8 139 (3&dJ*6.2Hz); 3.63 (3Rs) 

28c (2R^S)-l-[N-(3-Chlorophenylcarbamoyl)-0-benzyl-threonyI]-4- 
phenyIpyrroiidine-2-carboxyiic acid. 

This was prepared from 28b on a 0.23 mmol scale following the method described for 
If. The product was isolated in 35% yield (40 mg) after flash chromatography on silica . 
gel (eluant EtOAcdiexanerAcOH 30:70:1 v/v/v). 
HPLC SystemB t R =l8.2 r >95% 
Mass spec (FAB) m/e=536 [M+H| + 
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EXAMPLE 29 




29a Methyl (2R.4R).l^/t.butyloxycarbonyl^.phenylpyrn>Iidine-2.acetate. 

This was prepared in a manner analogous to that used to prepare lb using (2R,4S)-1- 
rm-butyloxycarbonyl-4-phenyipyrrolidine-2-carboxylic acid (J. Krapcbo et al 
JMedChenu, 31.1 148.1988: 400 rag, 1.37 ramol). The product was purified by Hash 
chromatography on silica gel (eluant EtOAcpet. ether 20:80 v/v) in a yield of 64%. 



29b Methyl (2R.4R)^pbenylpyiToUdine-2-acetate hydrochloride. 

This was prepared from 29a (0.4 ramol) using the same procedure as for lb, assuming a 
yield of 100%. 
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29c Methyl (2R*4R)-l-[N-re/t-butyioxycarbonyI-0-benzyi-threonyi]-^ 

phenyipyrrolidine-2-acetate. 

This was prepared following the method described for Id on a 0.38 mraol scale using 
29b instead of la The product was isolated in 75% yield and used without purification. 
Rf (EtOAczpeL ether 50:50 v/v) 0.40 
lH NMR 5 1.44 (9H.S); 3,67 (3lLs) 

29d Methyl (2R.4RM-[N-(3-chlorophe^ 
phenylpyrrolidine-2-acetate. 

This was prepared following the method described for le on a 0.28 ramol scale using 
29c and 3-chlorophenyIisocyanate. The product was isolated in 72% yield after flash 
chromatography on silica gel (eluant EtOAc:pet. ether 35:65 v/v). 
Rf (EtOAc:peL ether 40:60 v/v) 0.16 
lH NMR 5 1.28 (3H,dJ=5.9Hz); 3.59 (3Rs) 

29e (2R*4R)-l-[N.(3.CWorophenyIc^^ 
phenylpyrrolidine-2-acetic add. 

This was prepared from 29d on a 0.20 mmol scale following the method described for 
If. The product was isolated in 69% yield (64 mg) after flash chromatography on silica 
gel (eluant EtOAc:hexane:AcOH 60:40:1 v/v/v). 
HPLC System B t R =13.1* >97% 
Mass spec (FAB) m/e=550 [M+H1+ 
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O^OH 



30c 




30d 



30a Ethyl (2ILSS)-5.phenylpyrrolidine.2^arboxyIate. 

To a solution of ethyl (2R).3.4-*hydro-5-phenyl-2H.pym)le.2-carboxylate (J. 
Ackermann et al, Helv.ChimJicta. 75. 122. 1990: 1.7 g, 7.8 mmol) and AcOH (5mL) in 
MeOH (50 mL) was added NaCNBH 3 (1.5 g, 23.5 mmol). The mixture was stirred 
overnight at room temperature and then concentrated in vacuo. The residue was 
partitioned between EtOAc and satd. KHCO3, and the organic phase was^ washed with 
H 2 0 and brine, filtered (Whatman* IPS phase separator), and concentrated in vacuo. 
The residue was purified by flash chromatography on silica gel (eluant EtOAcrpet ether 
25:75 then 40:60) to give the title compound (0.90 g, 40%). 

30b Ethyl (2R^S)-l.tN^/t.butyloxycai1)onyl.0.ben2y|.threonyl].5. 

phenyl pyrrolidine- 2-carboxyIate. 

This was prepared following the method described for Id on a 0.82 mmol scale using 
30a instead of lc. The product was isolated in 38% yield after flash chromatography on 
silica gel feluant EtOAc:hexane 35:65 v/v). 
Rf (EtOAc:hexane 30:70 v/v) 0. 17 
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30c Ethyl (2RJS)-l-[N-(3-chlorophenylcarbamoyi)-0-benzyl-threonyl]-5- 
phenylpyrroUdine-2-carboxyIate. * 

This was prepared following ihe method described for le on a 0.31 mmoi scale using 
30b and 3-chlorophenylisocyanate. The product was isolated in 80% yield after flash - 
chromatography on silica gel (eluant EtOAc:hexane 30:70 v/v). 
Rf (EtOAcrhexane 30:70 v/v J 0.18 

30d (2R^SVl-[N^3^Worophenylcarbamoyl)-0-benzyl-threonyl]-5- 
phenylpyrroIidine-2-carboxylic add. 

This was prepared from 30c on a 0.25 mmoi scale following the method described for 
If. The product was isolated in 12% yield (16 mg) after flash chromatography on silica 
gel (eluant EtOAc±exane:AcOH 70:30:1 v/v/v). 
HPLC System A ^=18.0' >97% 
Mass spec (FAB) m/e=536 [M+H} + 



EXAMPLE 31 




31b 



31a Methyl (3R)-2-[(2S3R)-3-benzyloxy-2-tert-butyloxycarbonylaniino-bu^l]- 
1^3,4- tetrahydroisoquinoline-3-acetate. 

To a solution of N-BOC-O-benzyl-threonine methyl ester (585 mg, 1.81 mmoi) in 
toluene (10 mL) cooled under N2 to -78°C was added dropwise DIBAL (3.5 mL. 1.5M in 
toluene, 5.25 mmoi). The mixture was stirred at -78°C for 40 min. then excess DIBAL 
was quenched by the careful addition of MeOH (1 mL). The mixture was allowed to 
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warm to room temperature and then poured into a vigorously stirred mixture of EbO and 
satd. RocheUe salt. The mixture was stirred for 2 nr.. then the phases were separated. 
The aqueous layer was extracted once with E12O. and the combined organic phases were 
washed with EbO and brine, dried over Na2SC>4, and evaporated in vacuo to give N- 
BOC-O-benzyl-threoninal (509 mg. 96%). 

A solution of this aldehyde (435 mg, 1.43 mmol) in MeOH/AcOH (99:1. 10 mL) was 
added at 0°C to a solution of the free base obtained from lc (268 mg, 1.1 mmol) in 
MeOH/AcOH (99:1. 10 mL). The mixture was stirred at 0°C for 15 min., then 
NaCNBH3 (115 mg, 1.9 mmol) was added in portions over 15 min. and the mixture was 
stirred for a further 30 rain, before being allowed to warm to room temperature. The 
solvent was removed in vacuo. The residue was taken up in EtOAc and washed 
successively with 10% KHSO4, satd. KHCO3, H2O and brine, filtered (Whitman* IPS 
phase separator) and the solvent evaporated in vacuo. The residue was purified by flash 
chromatography on silica gel (eluant EtOAc:pet ether 20:80) to give the title compound 
(232mg,41%). 

31b Methyl (3R)-2-[(2S3R)-3-beii2yloxy.2.(3^orophenylcarbamoyiaiiiino)-butyl]. 
l,23,4-tetrahydroisoquinoline-3-acetate. 

This was prepared following the method described for le on a 0.23 mmol scale using 
31a and 3-cblorophenylisocyanate. The product was isolated by flash chromatography on 
silica gel (eluant EtOAc:hexane 25:75 v/v). 

31c (3R)-2-[(2S.3R)-3-Beiizyloxy-^(3*hloropte 
tetrahydroisoquinoline*3-acetic acid. 

This was prepared from 31b on a 0.23 mmol scale following the method described for 
If. The product was isolated in 46% yield (55 mg) after flash chromatography on silica 
gel (eluant CHCl3:MeOH:AcOH 40:2:1 v/v/v). 
HPLC System B ^=16.4' >98% 
Mass spec (FAB) m/e=522 [M+H] + 
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EXAMPLE 32 




32c 



32a Methyl N-(phenethyl)-glycinate. 

To a stirred solution of phenethylamine (2.51 mL, 20 mmol) in MeCN (50 mL) was 
added diisopropylethylamine (2.59 mL, 20 mmol), K2 C0 3 W S» excess), and methyl 
bromoacetate (1.9 mL, 20 mmol). The mixture was stirred at room temperature for 3 nr. 
and then concentrated in vacuo. The residue was taken up in EtOAc and the solution was 
washed successively with 5% KHCO3. H2O and brine, filtered (Whatman R IPS phase 
separator), and concentrated in vacuo to give the title product (3.0 g, 77%) as an oil which 
was used without further purification. 

32b Methyl N-(2-cyclohexyIethyl>g|ydnate. 

To a solution of 32a (55 mmol) in AcOH (100 mL) was added 5% Rh-on-carbon 
catalyst (0.75 g) and the mixture was shaken under H2 (40 psi) for 7 days. The catalyst 
was removed by filtration, toluene was added to the filtrate, and the solvents were 
evaporated in vacuo. The residue was taken up in IM HCl and washed with EtOAc. 
The aqueous phase was saturated with NaHC03 and extracted twice with EtOAc. The 
combined extracts were washed with brine, filtered (Whatman R IPS phase separator), and 
concentrated in vacuo to give the tide product (1.90 g. 61%) as an oil which was used 
without further purification. 
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32c iMethyl N-(2n:ydohexylethyl)-N-((2S^^ 
glycinate. 

To a stirred solution of (2S)-2-*m-butyloxycarbonylammohexanoic acid (978 rag. 4.2 
mmol) in CH 2 C1 2 was added diisopropylethylamine (0.74 raL. 4.2 mmoi). The solution 
was cooled to -20<>C and BOP-C1 (1.08 g, 4.2 mmol) was added. The solution was 
stirred at 20°C for 20 min.. then amine 32b (0.60 g, 3.03 mmol) was added and the 
mixture was allowed to warm to room temperature. The mixture was stirred at room 
temperature for 16 hr. then the solvent was evaporated in vacuo. The residue was taken 
up in EtOAc and the solution was washed with 03M KHSO4, satd. KHCO3, H 20 and 
brine, filtered (Whatman* IPS phase separator), and concentrated in vacuo. The residue 
was purified by flash chromatography on silica gel (eluant EtOAcmexane 25:75 v/v) to 
give the title compound (3 10 mg, 24%). 
Rf (EtOAcmexane 25:75 v/v) 0.16 



32d Methyl N^2-cydohexyletfiyl)-NK(2S)-2^^^^ 
glycinate. 

A solution of the BOC-protected compound 32c (310 mg. 0.75 mmol) in 4N HC1 in 
dioxan (20 mL) was stirred at room temperature for 1 hr then concentrated in vacuo, 
finally with toluene azeotrope. 

Meanwhile, to a stirred solution of 3-indoleacetic acid (184 mg, 1.05 mmol) and 
pemafluorophenoi (202 mg. 1.1 mmol) in CH 2 C1 2 (10 mL). cooled to 0°C. was added 
water-soluble carbodiimide (WSCD.HCl Peptide Inst. Inc. 287 mg, 1.5 mmol). The 
mixture was stirred at 0<>C for 1 hr, then the residue from the above HC1 deprotection was 
added, followed by diisopropylethylamine (0.13 mL. 0.75 mmol) and the mixture was 
stirred at room temperature overnight The solvent was removed in vacuo, and the 
residue was taken up in EtOAc. The solution was washed with 0.3M KHSO4, satd. 
KHCO3. H 2 0 and brine, filtered (Whatman* IPS phase separator), and concentrated in 
vacuo. The residue was purified by flash chromatography on silica gel (eluant 
EtOAcmexane:AcOH 55:45:1 v/v/v) to give the title compound (148 mg. 42%). A part 
of this was taken up in MeCN/H20 and lyophitised. 
Rf (EtOAc:hexane:AcOH 50:50: 1 v/v/v) 0. 17 
HPLC System A ^=18.8* >98% 
AAA Peptide content=80% 
Mass spec (FAB) m/e=470 [M+H]+ . 
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EXAMPLE 33 



32d 



» J OH 

H 3 (T 33 



33N-(2-C^dohexylethyl>N-((2S)-2-(3^ 

This was prepared from 32d on a 0.35 mmol scale following the method described for 
If. The product was isolated in 53% yield (85 mg) after flash chromatography on silica 
gel (eluantEtOAcmexane-AcOH 75:25:2 v/v/v). 
HPLC System A ^=14.6' >99% 
AAA Pepdde content=76% 
Mass spec (FAB) m/e=455 [M+Na] + 



EXAMPLE 34 




33 > ^ g 



; X v 



34 i-{N^2-Cydohe>wlethyl)-N-((2S).2-(^ 
pyrrolidine. 

To a stirred solution of 33 (86 mg, 0.19 mmol) and hydroxybenzotriazole (33 mg, 0.25 
mmol) in CH2CI2 < 8 cooled t0 °° C ' was WSCD.HC1 (73 mg, 0.38 mmol). 
The mixture was stirred at 0°C for 1 nr.. then pyrrolidine (50 uL, 0.57 mmol) was added. 
The mixture was stirred at 0°C for a further 2 hrs. then at room temperature overnight. 
The solvent was removed in vacuo, and the residue was taken up in EtOAc. The solution 
was washed with 0.3M KHSO4, satd. KHCO3, H 2° 3,1(1 brine « filtered (Whatman R IPS 
phase separator), and concentrated in vacuo. The residue was purified by flash 
chromatography on silica gel (eluant EtOAc:AcOH 100:2 v/v) and lyophilised from 
MsCbUfhO to give the tide compound (36 mg, 36%). 
HPLC System A ^=17.8' >98% 
AAA Peptide content=80% 
Mass spec (FAB) m/es509 (M+H1+ 
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EXAMPLE 35 



33 




35 Methyl N-{NK2-cydohexylethyJ).NK(2S)-2^3-indoieacetylaiirino)-hexanoyl). 
glycyl}-D-prolinate. 

This was prepared from 33 on a 0.27 ramol scale following the method described for 34 
using D-ProOMe instead of pyrrolidine. The product was isolated in 68% yield (105 mg) 
after flash chromatography on silica gel (eluant EtOAc:hexane 95:5 v/v). 
HPLC System A t R =14. 1* >80% 
AAA Aha 0.99; Pro 1.01: Peptide content=76% 
Mass spec (FAB) m/e=567 [M+H] + 

EXAMPLE 36 



35 




36 N-{N-(2-Cydohexylettyl)-N-((2S).2-(3^ 
proline. 

This was prepared from 35 on a 0.21 mmol scale following the method described for If. 
The product was isolated in 45% yield (51 mg) after flash chromatography on silica gel 
(eluant CHCl3:MeOH:AcOH 40:2:1 v/v/v). 
HPLC System A ^=15.4' >99% 
AAA Aha 1.00; Pro 1.00; Peptide coment=72% 
Mass spec (FAB) m/e=552 [M+K]+ 
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EXAMPLE 37 




37a Methyl N-{N-(2-cydohexylethyl)-N^(2S)-2^3-indoIeacetylaniino)-hexanoyl)- 
giycyl}-D-pipecolate. 

This was prepared from 33 on a 0.27 mmol scale following the method described for 34 
using methyl D-pipecolate instead of pyrrolidine. The product was isolated in 85% yield 
after flash chromatography on silica gel (eluant EtOAcihexane 85:15 v/v). 
Rf (EtOAc:hexane 95:5 v/v) 0.32 

37b N^N-(2-CydohexylethyI)-N-((2S W 
pipecolicatid. 

This was prepared from 37a on a 0.17 mmol scale following the method described for 
If. The product was isolated in 10% yield (10 mg) after flash chromatography on silica 
gel {eluant EtOA(^AcOH 100:2 v/v). 
HPLC System A t R =l7.6* >80% 
AAA Peptide content=74% 
Mass spec (FAB) m/e=567 [M+H] + 
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r ^ V 

h r o h fro 

38c 38d 

38a N-(2-Cydohexyleftyl>N-((2S)-2-^ 
glycine. 

This was prepared from 32c on a 1.82 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

38b Methyl N-{N-(2<ydohexylethyl)-N.((2S)-2.(te/t.butyloxycarbonylainino). 
hexanoyl)-glycyi}-glycinate. 

This was prepared from 38a on a 0.91 mmol scale foUowing the method described for 
34 using GlyOMe instead of pyrrolidine. The product was used without purification, 
assuming a yield of 100%. 
Rf (EtOAcrpet. ether 75:25 v/v) 0.59 

38c Methyl N.{NK2H7dohexyIethyI)-NK(2S).2^3.indoleacetylamino)-hexanoyl^ 
glycyi}-glydnate. 

This was prepared from 38b on a 0.91 mmol scale following the method described for 
32d using hydroxybenzotriazole instead of pentafluorophenol. The product was isolated 
in 44% yield after flash chromatography on silica gel (eluant EtOAc:pet. ether 50:50 v/v 
then neat EtOAc). 
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38d N-{N-(2-Cydohexylethyl)-N-((2S)-2W 
glycine. 

This was prepared from 38c on a 0.4O mmol scale following the method described for 
If. The product was isolated in 49% yield ( 105 mg) after flash chromatography on silica 
gel (eluantEtOAc:MeOH:AcOH 100:4:4 v/v/v). 
HPLC System A ^=10.0' >98% 
AAA Peptide contem=79% 
Mass spec (FAB) m/e=535 [M+Na] + 



EXAMPLE 39 



NH 2 > V 



39a ° VcH 3 




39a Methyl N-(cycIohexylmethyl)-glycinate. 

This was prepared from cyclohexylmethylamine on a 3.0 mmol scale following the 
method described for 32a. The product was used without purification, assuming a yield 
of 100%. 
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39b Methyl N-(cydohexyimeihyl)-N-((2S)-2-(/m-butyloxycarbonyiainino)- 
hexanoyO-glydnate. 

This was prepared from 39a on a 3.0 mraol scale following the method described for 
32c. The product was isolated in 52% yield after flash chromatography on silica gel 
(eluant EtOAcrhexane 25:75 v/v ). 
Rf (EtOAc:hexane 25:75 v/v) 0.23 

39c Methyl N-(cydohexylmethyl)-N^(2S).2^3-indoleacetylainino).hexanoyI). 
glydnate. 

This was prepared from 39b on a 1.6 mmol scale following the method described for 
32d. The product was isolated in 69% yield after flash chromatography on silica gel 
(eluant EtOAc:hexane:AcOH 50:50:1 v/vAr). 
Rf (EtOAc±exane:AcOH 50:50: 1 v/v/v) 0.20 

39dN.(Cydohexylinethyl)-N.((2S)-W 

This was prepared from 39c on a 1.1 mmol scale following the method described for If. 
The product was isolated in 22% yield after flash chromatography on silica gel (eluant 
EtOAc:AcOH 100:2 v/v). 
Rf (EtOActAcOH 100:2 v/v) a 18 

39e HN^2-C>dohexylmethy])-N-((2SW 
pyrrolidine. 

This was prepared from 39d on a 0.48 mmol scale following the method described for 
34. The product was isolated in 44% yield { 109 mg) after flash chromatography on silica 
gel (eluant EtOAc:AcOH 100:2 v/v). 
HPLC System A t R = 15.4' >99% 
AAA Pepdde content=83% 
Mass spec (FAB) m/e=495 [M+H]+ 



EXAMPLE 40 



39d 




40a 



Vo 

6^- 



40b 
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40a Methyl l.{N-(2-cydohexyimethyl)-N-f(2S)-2.(3-indoleacetyIainino).hexanoyl)- 
glycyi}-proiinate. 

This was prepared from 39d on a 0.23 mmol scale following the method described for 
34 using ProOMe instead of pyrrolidme. The product was isolated in 72% yield alter 
flash chromatography on silica gel (eluant EtOAc). 
Rf (EtOAc:hexane 90: 10 v/v) 0. 14 

40b l-{N-(2-Cydohexylmethyl)-N-((2SW 
proline. 

This was prepared from 40a on a 0.16 mmol scale following the method described for 
If. The product was isolated in 45% yield (38 mg) after flash chromatography on silica 
gel (eluant EtOAc:AcOH 100:2 v/v). 
HPLC System A t^l 1.8' >99% 
AAA Aha 1.01; Pro 0.99: Peptide content=8l% 
Mass spec (FAB)m/e=561 [M+Na] + 



EXAMPLE 41 




41a Methyl l-{N-(2-G^dohexylmethyl)-NK(2SW 
glycyl }-D-prolinate- 

This was prepared from 39d on a 0.23 mmol scale following the method described for 
34 using D-ProOMe instead of pyrrolidine. The product was isolated in 48% yield after 
flash chromatography on silica gel (eluant EtOAc). 
Rf (ElOAchexane 90:10 v/v) 0.14 
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41b l-{N-(2.Cydohexyimethyl W(2S)-^(3-indoleatt^ 
D-proline. 

This was prepared from 41a on a 0.1 1 raraol scale following the method described for 
If. The product was isolated in 52% yield (30 mg) after Hash chromatography on silica 
gel (eluantCHC13:MeOH:AcOH 40:2:1 v/v/v). 
HPLC System A t R =I2. 1* >99% 
AAA Aha 0.98: Pro 1.02: Peptide content*84% 
Mass spec (FAB) m/e=561 [M+Nal + 



EXAMPLE 42 




42a Methyl N-(cyclooctyimethyl)-glycinate. 

To a stirred solution of cyclooctanecarboxaldehyde (0.70 g. 5 mmol) and GlyOMcHCl 
(0.75 g, 6 mmol) in MeOH (50 mL) at room temperature was added AcOH (2 mL), 
diisopropylemylamine (1.04 mL, 6 mmol) and NaCNBH3 (0.75 g, 12 mmol). The 
mixture was stirred at room temperature for 4 nr.. then the solvent was evaporated in 
vacuo and the residue was partitioned between EtOAc and satd. KHCO3. organic 
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phase was washed with HnO and brine, filtered (Whatman* IPS phase separator), and 
concentrated in vacuo. The residue was purified by flash chromatography on silica gel 
teluant ElOAc) to give the title compound (500 mg. 47%). 
Rf(EtOAc) 0.47 

iH NMR 8 2.42 (2H,dJ=6Hz); 3.35 (2H.S); 3.68 (3lLs) 

42b Methyl N-(cydooctyimethyl>N-((2S)-2Kte'frbutyto^ 
gtydnate. 

This was prepared from 42a on a 2.35 mmol scale following the method described for 
32c The product was isolated in 99% yield after flash chromatography on silica gel 
(eluant EtOAcrpeL ether 25:75). 
Rf (EtOAc:peL ether 25:75 v/v) 0.41 

42c Methyl N-(cydooctylmethyl)-N-((2S)-2-(3-indoIeacetylamino)-hexanoyl)- 
glycinate. 

This was prepared from 42b on a 235 mmol scale following the method described for 
38c The product was isolated in 79% yield after flash chromatography on silica gel 
(eluant EtOAc:peL ether 50:50 v/v). 
Rf (EtOAc:peL ether 65:35 v/v) 0.46 
HPLC System A ^=16.3' 

lH NMR Major rotamer 8 4.45 (lH.dJ=17Hz): 5.15 ( IRm) 

Minor rotamer84.15(iad.J=l7H2): 4.55 (lH.dJ=17Hz); 4.90 (ULm) 
Mass spec (FAB) m/e=484 \M+S\ + 

42dN-(Cydooctylmemyl)-N-((2S)-2-(3-indoleacetylainino)-hexanoyl)-glycine. 

This was prepared from 42c on a 1.86 mmol scale following the method described for 
If. The product was used without puification. assuming a yield of 100%. 
HPLC System A t R =12.6' 
Mass spec (FAB) m/e=470 [M+H1+ 

42e Methyl l-{N<cydooctylmethyl)-N^(2S)-2-(3-indoleacetylaiiuno)-heJ^oyI)- 
giycyO-D-prolinate. 

This was prepared from 42d on a 1.49 mmol scale following the method described for 
33 using D-ProOMe instead of pyrrolidine. The product was isolated in 50% yield after 
flash chromatography on silica gel (eluant EtOAc:pet. ether 80:20 v/v). 
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HPLC System A t R = 14.8' 

Mass spec (FAB) ra/e=581 [M+H]+ 

42f l-{N-(Cyclooctyimethyl )-N-( (2SV2-(3-indoieacetylaminoVhexanoyI)-giycyl }-D- 
proline. 

This was prepared from 42e on a U.62 mmol scale following the method described for 
If. The product was isolated in 79% yield (276 rag) without purification. 
HPLC System A ^=12.0' >98% 
AAA Aha 1.01; Pro 0.99: Peptide content=84% 
Mass spec (FAB) m/e=567 [M+H]+ 

EXAMPLE 43 




43e 43f 



43a Methyl 3-(phenethylamino)-propanoate. 

This was prepared from phenylacetaldehyde and (5-AIaOMe on a 5.0 mmol scale 
following the method described for 42a. . The product was isolated in 68% yield and used 
without further purification. 
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43b Methyl 3-{N^phenethyl>N^(2SV^te/r-butyloxycarbonyiainino)-hexanoyO- 
amino}-propanoate. 

This was prepared firom 43a on a 3.4 ramol scale foUowing the method described for 
32c The product was isolated in 42% yield after flash chromatography on silica gel 
(eluant EtOAcpet. ether 25:75 v/v). 

43c Methyl 3-{N-(2^dohexylethyl)-N.((2SV2-(/ert.butyloxycarbonyiainino). 
hexanoyl)-amino}-propanoate. 

This was prepared from 43b on a 1.43 mmol scale foUowing the method described for 
32b. After evaporating the solvent the product was taken up in EtOAc and washed with 
satd. KHCO3, HoO and brine, filtered (Whatman* IPS phase separator), and the solvent 
removed in vacuo. The product was used without further purification, assuming a yield 
of 100%. 

43d Methyl 3-{N^2^dohexyIethyl)-N^(2S)-2-(3-indolea<«tylainino)-hexanoyl)- 
amino}-propanoate. 

This was prepared firom 43c on a 1.43 mmol scale foUowing the method described for 
38c The product was isolated in 64% yield after flash chromatography on silica gel 
(eluant EtOAcrpeL ether 65:35 v/v). 

43e MN^2-Cydohexylethyl)-N4(2S>2-(3-ta^^ 
propanoic add. 

This was prepared firom 43d on a 0.91 mmol scale following the method described for 
If. The product was isolated in 66% yield after flash chromatography (eluant 
EtOAc:peLethenAcOH 80:20:2 v/v/v). 
HPLC System A ^=12.3' 
Mass spec (FAB) m/e=470 [M+H] + 

43f l-{3^N^2-Cydohexylethyl)-N-((2S>2-^^ 
propanoyl}-pyrroHdine. 

This was prepared firom 43e on a 0.50 mmol scale foUowing the method described for 
33. The product was isolated in 50% yield (95 mg) after flash chromatography on silica 
gel (eluant EtOAc:AcOH 100:2 v/v>. 
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HPLC System A t R =l4.2' >98% 

AAA Peptide content=79% 

Mass spec (FAB) m/e=523 [M+H1+ 

EXAMPLE 44 




44a Methyl N-(3-phenylpropyI)-glycinate. 

This was prepared from 3-phenylpropyIamine on a 20 ramol scale following the method 
described for 32a. The product was used without purification assuming a yield of 100%. 

44b Methyl N-(3-cyclohexylpropyl)-gIycinate. 

This was prepared from 44a on a 20 mmol scale following the method described for 
32b. The product was isolated in a yield of 69% and used without further purification. 
*H NMR 8 2.50 (2H.U=7Hz): 3.34 f2Rs); 3.8 1 (3Rs) 
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44c Methyl N^3<yclohexyipropyl)-N.((2S).2-(tt/T-butyioxycarbonyiaiiiino)- 
hexanoyD-glydnate. 

This was prepared from 44b on a 5.8 raraol scale following the method described for 
32c The product was isolated in 68% yield after flash chromatography on silica gel 
(eluant EtOAcipeL ether 25:75 v/v). 

44d Methyl N-(3<ydohexylpropyl)-N-((2S)'2.(2-indole<^bonyIainino)-hexanoyl)- 
glydne. 

This was prepared from 44c on a 0.59 mmol scale following the method described for 
38c The product was isolated in 90% yield after flash chromatography on silica gel 
(eluant EtOAcipeL ether 30:70 v/v). 

lH NMR Major rotamer 8 3.64 (lH,d,J=l7Hz); 4.21 (llid J=l7Hz); 5.05 (lHjn) 
Minor rotamer 5 3.85 (!H.dJ=17Hz); 4.21 (lRdJ=l7Hz); 4.80 (lEim) 

44eN^3-CydohexyIpropyl)-N<(2S)-2-(24^^ 

This was prepared from 44d on a 0.53 mmol scale following the method described for 
If. The product was isolated in 66% yield (120 mg) after flash chromatography (eluant 
EtOAcrpeLethenAcOH 60:40:2 v/v/v). 
HPLC System A ^=16.9' >98% 
AAA Peptide contenfc=81% 
Mass spec (FAB) m/e=456 [M+H] + 
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75 



44b 




45a 



H O 



ch 3 h r TT 




45b 



45c 



45a Methyl N^3<ydohexylpropyl).NKN.(te/T.butyJoxycarlK>nyl).phenyIaIanyl)- 
giytinate. 

This was prepared from 44b on a 2.9 mmol scale following the method described for 
32c using BOC-Phe instead of BOC-aminohexanoic acid. The product was isolated in 
77% yield after flash chromatography on silica gel (eluant EtOAcrpet ether 25:75 v/v). 

45b Methyl N^3^dohexylpropyl).NKN-(3-indole^ 

This was prepared from 45a on a 2.4 mmol scale following the method described for 
38c The product was isolated in 28% yield after flash chromatography on silica gel 
(eluant EtOAcrpet ether 70:30 v/v). 

45cN.(3-Gydohexylpropyl).NKN.(3.indolea<»tyl).phenylalanyl).glycine. 

This was prepared from 45b on a 0.68 mmol scale following the method described for 
If. The product was isolated in 46% yield f 159 mg) after flash chromatography on silica 
gel (eluant EtOAczAcOH 100:2 v/v). 
HPLC System A ^=14.6' >95% 
AAA Peptide content=86% 
Mass spec (FAB) m/e=504 [M+H]+ 



WO 93/20099 



PCT/GB93/00614 



76 



EXAMPLE 46 




46b 46c 



46a Methyl NK2^dohexyIethyl)-N^(2SWtert-but3ioxycarboiiyiamino)^ 
phenylbutanoyD-glycinate. 

This was prepared from 32b on a 4.8 mmol scale following the method described for 
32c using BOC-arnino-4-phenylbutanoic acid instead of BOC-aminohexanoic acid- The 
product was isolated in 79% yield after flash chromatography on silica gel (eluant 
EtOAcrpet ether 30:70 v/v). 

46b . Methyl N-(2^ydohexyIethylW(2S)-2^3.isoquinoUnecarbonylainino)-^ 
phenylbutanoyD-glycinate. 

This was prepared from 46a on a 0.75 mmol scale following the method described for 
32c using 3-isoquinoiinecarboxyUc acid instead of 3-indoleaceuc acid. The product was 
isolated in 62% yield after flash chromatography on silica gel (eluant EtOAc:peL ether 
30:70 v/v). 

46c N^2-Cydohexylethyl)-N-((2SW 
phenylbutanoyO-glydne. 

This was prepared from 46b on a 0.47 mmol scale following the method described for 
If. The product was isolated in 52% yield (121 mg) after flash chromatography on silica 
gel (eluant EtOAc:AcOH 100:2 v/v). . 
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HPLC System A t R =17.2' >99% 

AAA Peptide content=97% 

Mass spec (FAB) m/e=502 [M+H] + 



EXAMPLE 47 




47a Methyl N-phenethyl-N-((2S)-2-(te/T.butyloxycarbonylainino).hexanoyl^ 
glycinate. 

This was prepared from 32a on a 2.6 mmol scale foUowing the method descibed for 
32c. The product was isolated in 75% yield after flash chromatography on silica gel 
(eluant EtOAcmexane 25:75 v/v). 
Rf (EtOAc:faexane 40:60 v/v) 0.35 

47b Methyl N-phenethyl-N-((2S)-2.(3.indoleacetylaiiyiio).hexanoyl).glydiia^ 

This was prepared from 47a on a 1.2 mmol scale following the method descibed for 
32d. The product was isolated in 71% yield after flash chromatography on silica gel 
(eluant EtOAcmexane 70:30 v/v). 
Rf (EtOAcmexane 70:30 v/v) 0. 16 
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47cN-PhenemyI-N^(2S)-2-(3-indoIeacetyIainino)-hexanoyl)-^ycine. 

This was prepared from 47b on a 0.88 mmol scale following the method descibed for If. 
The product was isolated in 70% yield after flash chromatography on silica gel feluant 
EtOAc:AcOH 100:2 v/v). 
R f (EtOAc:AcOH 100:2 v/v) 0.21 

47d Methyl NHN-phenethyI-N^(2SW 
prolinate. 

This was prepared from 47c on a 0.22 mmol scale following the method descibed for 34 
using D-ProOMe instead of pyrrolidine. The product was isolated in 50% yield after 
flash chromatography on silica gel (eluant EtOAc:AcOH 100:2 v/v). 
R f (EtOAc:AcOH 100:2 v/v) 0.16 

47e N^N-Fhenethyl-N^(2S)-2-(^^ 

This was prepared from 47d on aO.H mmol scale following the method descibed for If. 
The product was isolated in 38% yield (23 rag) after flash chromatography on silica gel 
(eluant CHCI3 :MeOH:AcOH 35:2: 1 v/v/v). 
HPLC System A ^=11.2' >98% 
AAA Aha 0.99; Pro 1.01: Peptide content=65% 
Mass spec (FAB) m/e=569 [M+H1+ 



EXAMPLE 48 
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48a J-/ert.Butyioxycarbonyl-2 J-dihydroindole-2-carboxyiic add. 

This was prepared from (2R)-2J-dihydroindole-2-carboxyUc acid (M. Vinceni et al. 
Tetrahedron Lett.. 23, 1677, 1982) on a 65 mmol scale following the method described 
for la. The product was isolated in 98% yield and used without further purification. 

48b Methyl (3R)-2-{N.((2R)-l./m.butyloxycarbonyl.23^ydroiiidoIe.2.carbonyl). 
0-benzyl-threonyi}-1^.4-tetrahydroisoquinoline-3-acetate. 

This was prepared from Id on a 0.68 mmol scale following the method described for 
32d using 48a instead of indole-3-acetic acid. The product was isolated in 82% yield 
after flash chromatography on silica gel (eluant EtOAcmexane:AcOH 35:65:1 v/v/v). 
Rf (EtOAc:hexane:AcOH 50:50:1 v/v/v) 0.36 

48c (3RWN^(2R)-l-fert-ButyloxyOT^ 
bemyl-threonyI^1^3,4.tetrahydroisoquinoiine-3-acetic add. 

This was prepared from 48b on a 0.56 mmol scale following the method descibed for If. 
The product was isolated in 55% yield (195 mg) after flash chromatography on silica gel 
(eluant EtOAc:hexane:AcOH 50:50:1 v/v/v). 
HPLC System A ^=18.0' >98% 
Mass spec (FAB) m/e=628 [M+H] + 



EXAMPLE 49 




49a Methyl (3R)-2-{(2S)-2-((2RM^rt-butylo^carb^^^ 
<arbonylamino)^phenylbutmoy^ 

This was prepared from 13a on a 0.53 mmol scale following the method desdbed for 
48b. The product was isolated in 80% yield after flash chromatography on silica gel 
(eluant EtOAc:peL ethenAcOH 30:70:2 v/v/v). 
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491, (3R).2-{(2S)-2-((2R)-l-tert-Butyloxyc^^ 
carbonylamino^phenyibutan^^^ 

This was prepared ficom 49a on a 0.21 mraol scale following the method descibed for If. 
The product was isolated in 53% yield (66 rag) after flash chromatography on silica gel 
(eluant EtOAc:peL ethenAcOH 35:65:2 v/v/v). 
HPLC System A ^=17.2' >98% 
AAA Peptide content=85% 
Mass spec (FAB) m/e=598 [M+H] + 

EXAMPLE50 
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50a Methyl (2R)-l-tert-butyloxycarbonyl-23Hiihydroindole-2-acetate. 

This was prepared from 48a on a 55 mmol scale following the method descibed for lb. 
The intermediate diazoketone was purified by flash chromatography on silica gel (eluant 
EtOAc:hexane 20:80 v/v), and the product was isolated in 69% yield after flash 
chromatography on silica gel (eluant ElOAc:hexane 12:88 v/v). 

50b Methyl (2R)-2^-dihydroindole-2-acetate hydrochloride. 

This was prepared from 50a on a 3 mmol scale following the method descibed for lc 
and was used without purification. 

50c Methyl (2R)-l-{(2S).2-tert.butyloxycarbonylamino^-phetiylbiitanoyl}-23- 
dihydroindole-2-acetate. 

This was prepared from 50b on a 3 mmol scale following the method descibed for Id 
using BOC-homophenylalanine instead of N-BOC-O-benzyl-threonine. The product was 
isolated in 30% yield after flash chromatography on silica gel (eluant EtOAc:peL ether 
16:84 v/v). 

50d Methyl (2R)-l-{(2S).2-((2R)-l.tert.butyIoxycarbonyI.2^dihydroindole.2- 
carbonylainino)-4-phenylbutanoyl}-23-dihydroindole-2-acetate. 

This was prepared from 50c on a 0,88 mmol scale following the method descibed for 
48b. The product was isolated in 89% yield after flash chromatography on silica gel 
(eluant EtOAc:hexane:AcOH 30:70:2 v/v/v). 

50e (2R)-l-{(2S)-2-((2RVl^/».Butyloxycarbonyl-2^^ydroindole-2- 
carbonvlamino)-4-phenylbutanoyl}.23-dihydroindoIe-2-acetic add. 

This was prepared from 50d on a 0. 16 mmol scale following the method descibed for If. 
The product was isolated in 76% yield (70 mg) after flash chromatography on silica gel 
(eluant EtOAc:hexane:AcOH 45:55:2 v/v/v). 
HPLC System B ^=13.5' >95% 
AAA Peptide content=92% 
Mass spec (FAB) m/e=584 [M+H1+ 
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EXAMPLE 51 




51a 



Sla Methyl (3R)-2-{((2R)-l.tert.butyloxycarbonyl.23-dihydroindole-2-carbonyl)- 
vaIyl}-lA3,4-tetrahydroisoquinoIine-3-acetate. 

This was prepared from 18a on a 0.41 ramol scale following the method descibed for 
48b. The product was isolated in 70% yield after flash chromatography on silica gel 
(eluant EtOAcrpet. ether 30:70 v/v then neat EtOAc). 



51b (3R)-2-{((2RM-terf-Butyloxycarbonyl-23^ydra^ 
1^3,4-tetrahydroisoquinoline-3-aceticacid. 

This was prepared from 51a on a 0.29 mmol scale following the method descibed for If. 
The product was isolated in 70% yield (108 mg) after flash chromatography on silica gel 
(eluant EtOAcrpet. ethenAcOH 60:40:1 v/v/v). 
HPLC System B ^10.7' >98% 
AAA Peptide content=81% 
Mass spec (FAB) m/e=536 [M+H]+ 

EXAMPLE 52 

Sla ^ . A V A ch 3 A^A^ ^ 0 o^L^ XA^ 1 

H 3 C+CH 3 1 HjC+CBs J 

CH 3 O^O CH3 o^OH 

CH 3 



52a 



52b 
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52a Methyl (3R).2-{((2R).Wm.butylacety|.23.dihydn)inciole.2Harbonyl).vaIyl}. 
UJ,4-tetrahydroisoquinoiine-3-acetate. 

A solution of 51a (198 rag, 0.36 mmol) in 4N HQ in dioxan (15 mL) was stiired at 
room temperature for 30 rain., then the solvent was evaporated in vacuo, finally with 
toluene azeotrope. The residue was taken up in CH2CI2 and cooled to -15°C with 
stimng. Diisopropylemylamine (0.14 mL, 0.80 mmol) and rm-butylacetyl chloride (51 
HL, 0.36 mmol) were added and the mixture was stirred at -15°C for 45 rain, The 
solvent was evaporated in vacuo, and the residue was partitioned between EtOAc and 
0.3M KHSO4. The organic phase was washed with satd. KHCO3, H 2 0 and brine, 
filtered (Whatman* IPS phase separator), and concentrated in vacuo. The residue was 
purified by flash chromatography on silica gel (eluant EtOAcmexane 55:45 v/v) to give 
the title compound (100 mg, 50%). 
Rf (EtOAcihexane 60:40 v/v) 0.28 

52b (3R)-2-{((2RM-tert-ButyIacetyi-^ 
tetrahydroisoquinoline-3-acetic add. 

This was prepared from 52a on a 0.18 mmol scale following the method descibed for If. 
The product was isolated in 81% yield (78 mg) after flash chromatography on silica gel 
(eluant EtOAc:hexane:AcOH 65:35:1 v/v/v). . 
HPLC System A t R =14.0' >98% 
AAA Peptide content=76% 
Mass spec (FAB) m/e=534 [M+H1+ 
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53a Methyl (3R)-2-(^rt-butylox7carbonyl-vaJyl)-1^3,4.tetrahydroisoquinoUne-^ 
carboxylate. 

This was prepared from 26a on a 1.0 mmol scale following the method descibed for Id 
using BOC-valine instead of N-BOC-O-benzyl-threonine. The product was isolated in 
68% yield after flash chromatography.on silica gel (eluant EtOAcrhexane 28:72 v/v). 
Rf (EtOAc±exane 25:75 v/v> 0.20 



53b Methyl (3R)-2*{((2R)-l-/e/*-butyto^ 
vaIyl}-l^ 9 4-tetrahydroisoquinoline-3-carboxylate. 

This was prepared from 53a on a 0.68 mmol scale following the method descibed for 
48b. The product was isolated in 81% yield after flash chromatography on silica gel 
(eluant EtOAc±exane:AcOH 45:55:1 v/v/v). 
Rf (EtOAc±exane:AcOH 50:50:1 v/v/v) 0.30 

53c (3R)-2-{((2RH^rt-Butyloxycarbony 
l^ 9 4-tetrahydroisoquinoline*3-carboxylic acid* 

This was prepared from 53b on a 0.52 mmol scale following the method descibed for If. 
The product was isolated in 50% yield (150 mg) after flash chromatography on silica gel 
(eluant EtOAc:hexane:AcOH 60:40:1 v/v/v). 
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HPLC System A ^=13.9* >98% 

AAA Peptide content=77% 

Mass spec (FAB) m/e=522 [M+H]+ 




54a Methyl (3R)-2-{((2R)-l-/m-butyioxycarbonyI-2^3-dihyciroindole-2-carbonyl)- 
isoleucyl}-lA3,4.tetrahydroisoquinoiine-3-acetate. 

This was prepared from 20a on a 0.16 mmol scale following the method descibed for 
48b. The product was isolated in 94% yield after flash chromatography on silica gel 
(eluant BOAc:peL ethenAcOH 35:65:2 v/v/v). 



54b (3R)-2-{((2R)-l^rt-ButyIoxycarbonyl-2^ 
l,2.3,4-tetrahydroisoquinoline-3-acetic add. 

This was prepared from 54a on a 0.15 mmol scale following the method descibed for If. 
The product was isolated in 63% yield (55 mg) after flash chromatography on silica gel 
(eluant EtOAc:pet. ethenAcOH 40:60:2 v/v/v). 
HPLC System A ^=15.3' >98% 
AAA Peptide content=66% 
Mass spec (FAB) m/e=550 [M+H]+ 
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EXAMPLE 55 




55a Methyl (3R)-2-{(S)-a-((2R)-l-/eit-butyloxycarbonyI-23-dihydroindoIe-2- 
carbonyIamino)-phenylacetyl}-1^3,4-tetrahydroisoquinoline-3-acetate. 

This was prepared from 22a on a 0.23 ramol scale following the method descibed for 
48b. The product was isolated in 89% yield after flash chromatography on silica gel 
(eluant EtOAc:pet. ethenAcOH 35:65:2 v/v/v). 

55b (3R)-2-{(S).a-((2R)-l-tert-Butyloxycarbonyl-2^-dihydroindoIe-2- 
carbonylaniino)-phenylacetyl}-l^Atetrahydn>isoqninoline-3-aceticadd. 

This was prepared from 55a on a 0.21 mmol scale following the method descibed for If. 
The product was isolated in 66% yield (8? mg) after flash chromatography on silica gel 
(eluant EtOAc:pet ethenAcOH 40:60:2 v/v/v). 
HPLC System A ^=15.3' >95% 
AAA Peptide coment=73% 
Mass spec (FAB) m/e=570 [M+H] + 
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EXAMPLE 56 




56a Methyl (3RWtert-butyfoxycarb^ 
3-acetate. 

This was prepared from lc on a 1.0 mmol scale following the method descibed for Id 
using BOC-D-proline instead of N-BOC-O-benzyl-threonine. The product was isolated 
in 74% yield after flash chromatography on silica gel (eluant EtOAcrpet. ether 50:50 v/v). 



56b Methyl (3R>2-{((2R)-l^rt.butyloxycarbonyl.2J^ydroindole-2-carbonyi).D. 
prolyl}-1^3,4-tetrahydroisoquinoline-3-acetate. 

This was prepared from 56a on a 0.37 mmol scale foUowing the method descibed for 
48b. The product was isolated in 87% yield after flash chromatography on silica gel 
(eluant EtOAcipeL ethenAcOH 70:30:1 v/v/v). 

56c (3R)-2-{((2R)-i-tert-Butyloxycarbony^ 
1 43,4- tetrahydroisoquinoline-3-ace tic acid. 

This was prepared from 56b on a 0.32 mmol scale following the method descibed for If. 
The product was isolated in 39% yield (67 mg) after flash chromatography on silica gel 
(eluant CHCtyMeOftAcOH 50:2:1 v/v/v). 
HPLC System B ^=9.5' >98% 
AAA Peptide content=73% 
Mass spec (FAB) m/e=534 [M+HJ+ 
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EXAMPLE 57 



1c + 48a 




O-^O 0 Q^N 



H 3 c4*CH3 
CH 3 




H3C^O N 



57a 




,CH 3 





o-^o 0 o- 

H 3 c4^CH3 

CHj j 

57c o^oh 



57b 

57a Methyl (3R)-2-{(2RHKterf-butyloxycarbon^^^^ 
l 9 23Atetrahydroisoquinoline-3-acetate« 

This was prepared from 1c on a 1.13 mmol scale following the method descibed for Id 
using 48a instead of N-BOC-O-benzyl-thieonine. The product was isolated in 79% yield 
after flash chromatography on silica gel (eluant EtOAc:hexane 30:70 v/v). 



57b Methyl (3R)-2-{(2R)-H(2R)-l-^ 
carbonyI)-23-^ydromdoIe-2-cart^ 

This was prepared from 57a on a 0.90 mmol scale following the method descibed for 
48b. The product was isolated in 64% yield after flash chromatography on silica gel 
(eluant EtOAcihexane 40:60 v/v). 
Rf (eluant EtOAc:hexane 60:40 v/v) 0.40 



57c (3R)-2-{(2RH-((2RH-te/^ButyIox^ 
dihydroindo!e-2-carbonyl}-lA3,4-tetrahy 

This was prepared from 57b on a 0.58 mmol scale following the method descibed for If. 
The product was isolated in 65% yield (219 mg) after flash chromatography on silica gel 
(eluant EtOAcrhexanerAcOH 65:35:1 v/v/v). 
HPLC System A ^=17/7* >99% 
Mass spec (FAB) m/e=582 [M+HJ+ 
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EXAMPLE 58 




58a Methyl (3R)-2-{(2R3SM^rt4rotyioxycarfH^ 
caitonyl}.1^3,4-tetrataydroisoquinoIine-3-acetate. 

This was prepared from 1c on a 0.17 mmol scale following the method described for Id 
using l-rm-butyloxycaxbonyl.3-phenyl.pyrroUdine-2-carboxyUc acid (J.Y.L. Chung era/, 
J.Org.Chem., 55.270.1990) instead of N-BOC-O-benzyl-threonine. The product was' 
isolated in 75% yield and used without further purification. 
Rf (EtOAcrpet ether 50:50 v/v) 0.18 
l H NMR 6 1.28. 1.40. 1.48 (9R3s); 3.59. 3.66 (3H.2s) 

58b Methyl (3R)-2-{(2R3SM-((2RM^rt-butyloxyca^^ 

c»lH>nyi)-3-phenyi-pyiTolito^ 

acetate. 

This was prepared from 58a on a 0.098 mmol scale following the method described for 
48b. The product was isolated in 78% yield after flash chromatography on silica gel 
(eluantEtOAc:peL ether AcOH 50:50: 1 v/v/v). 
Rf (EtOAc:pet ethenAcOH 60:40: 1 v/v/v) 0. 15 
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58c (3R)-2-{(2R3S)-l-((2R)-l«tert-Butyto^ 
3-phenyl-pyrroUdine-2-cari>onyl}-1.2.3.4-tetrah^ 

This was prepared from 58b on a 0.077 mmol scale following the method described for 
If. The product was isolated in 83% yield (41 mg) without chromatography. 
HPLC System B t R =13.9' >99% 
Mass spec (FAB) m/e=6l0 [M+HJ+ 

EXAMPLE 59 




59a Methyl (3R)-2-{(2R.4S)-l-tert4mtyloxycart^^ 
carbonyl}-lA3,4-tetrahydroisoquinoline-3-carboxylate. 

This was prepared from 26a on a 0.48 mmol scale following the method described for 
Id using (2R,4SH-rerr-butyloxycarbonyl^phe acid (J. 

Krapcho et a/, JMecLChenu, 31,1 148,1988) instead of N-BOC-O-benzyl-threonine. The 
product was isolated in 40% yield after flash chromatography on silica gel (eluant 
EtOAcrhexane 50:50 v/v). 
Rf (EtOAcrhexane 60:40 v/v) 0.43 
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59b Methyl (3R).2-{(2R,4S).l.((2R)-l.teit-butyloxycarbonvl.23-dihydn)indole.2. 

<^bonyl)^phenylthio-pyrrolidm^^ 

carboxyiate. 

This was prepared from 59a on a 0.20 ramoi scale Mowing the method described for 
48b. The product was isolated in 61% yield after flash chromatography on silica eel 
(eluant EtOAc:hexane 50:50 v/v). 
Rf (EtOAc:hexane 55:45 v/v) 0.42 

59c (3R)-2-{(2IL4SW(2RM-fm-Butylox^^ 

4.phenyitoio.pyrroUdine-2^bon^^^ 

add. 

This was prepared from 59b on a 0.12 mmol scale following the method described for 
If. The product was isolated in 43% yield (32 mg) after flash chromatography on silica 
gel (eluant EtOAc±exane:AcOH 85:15:1 v/v). 
HPLC System A t R =20.5' >98% 
Mass spec (FAB) m/e=627 [M+H]+ 

EXAMPLE 60 
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60a Methyl (3R)-2-{(2R,4SH-te^butyioxy<^bony 
carbonyl}-1^3 ? 4-tetrahydroisoquinoiine-3-acetate. 

This was prepared from 1c on a 0,48 mmol scale following the method described for Id 
using (2R^4S)-l-ferr-butyloxycarbonyI^phenyithio-pyrn>Udine-2-carboxyUc acid instead 
of N-BOC-Obenzyl-threonine. The product was isolated in 61% yield after flash 
chromatography on silica gel Celuant EtOAc:hexane 50:50 v/v). 
Rf (EtOAc:hexane 60:40 v/v) 0.39 

60b Methyl (3R)-2-{(2R.4SH-((2RH-^ 

carbonyO^phenylttrio-pyrroUdJn^ 

acetate. 

This was prepared from 60a on a 0,29 mmol scale following the method described for 
48b. The product was isolated in 77% yield after flash chromatography on silica gel 
(eluant EtOAcrhexane 55:45 v/v). 
Rf (EtOAcrhexane 60:40 v/v) 0.40 

60c (3R)-2-{(2R,4SW(2R)-l^ 

4-phenylthio-pyrroIidine-2-carbonylH acid. 

This was prepared from 60b on a 0.22 mmol scale following the method described for 
If. The product was isolated in 64% yield (91 mg) after flash chromatography on silica 
gel (eluant EtOAc±exane:AcOH 70:30: 1 v/v). 
HPLC System A ^=20.9' >99% 
Mass spec (FAB) m/e=642 [M+H]+ 
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61a Methyl (3R)-2-{(2R.4R).l.tert.butyloxycartonyJ^phenylthio.pyrnilidine.2. 
carbonyl}a^,4-tetrahydroisoqirinoIine-3Harboxylate. 

This was prepared from 26a on a 0.40 rarool scale following the method described for 
Id using <2R.4RM-tm-butyloxycarbontf ^ (J 

Krapcho et al, JMedOtenu, 31,1148,1988) instead of N-BOC-O-benzyl-threonine. The 
product was isolated in 60% yield after flash chromatography on silica gel (eluant 
EtOAcipeL ethenAcOH 40:60:2 v/v/v). 

61b Methyl (3RW(2R,4RM-((2RM^rt-butylox^ 

<^bonyl)^phenyitW(>-pyrroUdine- 

carboxylate. 

This was prepared from 61a on a 0.24 ramol scale following the method described for 
48b. The product was isolated in 48% yield after flash chromatography on silica gel 
(eluant EtOAc:pet ether 40:60 v/v). 
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61c (3R)-2-{(2R.4RM-((2R)^ 

4-phenyithio-pyiroUdine-2*carbonyty^ 

acid. 

This was prepared from 61b on a 0.12 mmol scale following the method described for 
If. The product was isolated in 69% yield (50 mg) after recrystailization from 
EtoO/hexane. 

HPLC System B t^iS.O' >98% 
Mass spec (FAB) m/e=628 [M+HJ+ 

EXAMPLE 62 




62a Methyl (3R)-2-{(2R,4RM-te/t-butyl^ 
carbonyl}-l^^,4-tetrahydroisoquinoiine-3-carboxylate. 

This was prepared from 26a on a 0.68 mmol scale following the method described for 
Id using (2R,4RH-/£tt-butyloxycarbonyl^b acid (J. 

Krapcho et aU JMecLChem.. 31,1 148,1988) instead of N-BOC-O-benzyl-threonine. The 
product was isolated in 43% yield after flash chromatography on silica gel (eluant 
EtOAcrhexane 50:50 v/v). 
Rf (EtOAcrhexane 60:40 v/v) 0.38 
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62b Methyl (3R)-2-{(2R.4RVl.((2R)<l>te/t-butyioxycarbonyi-23>dihydroindole-2- 

carbonyI)-4-benzyloxy-pyrroIidine-2-carbonyl)-l^ 

carboxylate. 

This was prepared from 62a on a 0.30 ramol scale following the method described for 
48b. The product was isolated in 35% yield after flash chromatography on silica gel 
(eiuant EtOAc:hexane 55:45 v/v). 
Rf (EtOAchexane 60:40 v/v) 0.36 

62c (3R)-2-{(2R,4R).l-((2R)-l-te/*.Butyloxy^ 

4-benzyloxy-pyrroUdine-2-carbonyi}-l^ 

add. 

This was prepared from 62b on a 0.11 mmol scale following the method described for 
If. The product was isolated in 29% yield (20 rag) after flash chromatography on silica 
gel (eiuant EtOAcmexane:AcOH 90:10:1 v/v). 
HPLC System A t R =8.8" >98% 
Mass spec (FAB) m/e=626 [M+H] + 



EXAMPLE 63 
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63a Methyl (3R)-2-{(2R*4R)-l-teit-butyIoxycarbonyI-4-phenoxy-pyirolidine-2- 
carbonyl}-l«23.4-tetrahydroisoquinoiine-3-carboxylate. 

This was prepared from 26a on a 0.59 ramol scale following the method described for 
Id using (2R.4R)-l-*m4>utyloxycarbonyl^ acid (J. 

Krapcho et aL JMecLChem.. 31.1 148,1988) instead of N-BOC-O-benzyi-threonine. The 
product was isolated in 59% yield after flash chromatography on silica gel Celuant 
EtOAc:peL ethenAcOH 40:60:2 v/v/v). 

63b Methyl (3R)-2-{(2R.4RH-(^ 

carbonyI)^phenoxy-pyrroIidine-2-carbon^ 

carboxylate. 

This was prepared from 63a on a 0.35 mmol scale following the method described for 
48b. The product was isolated in 20% yield after flash chromatography on silica gel 
(eluant EtOAc;pet. ether 40:60 v/v). 

63c (3R)-2-{(2R,4R)-l-((2RM-to*-B^ 
4-phenoxy-pyrrotidine-2-carbonyl}-l^ 

This was prepared from 63b on a 0.07 mmol scale following the method described for 
If. The product was isolated in 61% yield (26 mg) after recrystallization from 
MeOH/H 2 0. 

HPLC System B t R =13.2' >98% 
Mass spec (FAB) m/e=612 [M+H1+ 
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EXAMPLE 64 




64a Methyl (3R)-2-{(2IL4R).l.tert.butyloxycarbonyl^.phenyl.pyrn)lidine.2. 
carbony 1 }- 1^3.4- tetrahydroisoquinoIine-3-acetate. 

This was prepared from lc on a 0.24 mmol scale following the method described for Id 
using (2R4S)-l-/m-butyloxycarbonyl^phenyl-pyiro^^ acid (J. 

Krapcho et al, JMedChem.. 31.1 148.1988) instead of N-BOC-O-benzyl-threonine. The 
product was used without further purification assuming a yield of 100%. 
Rf (EtOAc:peL ether 30:70 wv) 0. 1 1 

64b Methyl (3R)-2-{(2R4RM-((2RMwm-butyIoxycar^ 

carbonyl)^phenyl-pyiToUdine.2^bonyl}.l^,4.tetrahya^oisoquinoUne-3- 
acetate. 

This was prepared from 64a on a 0.24 mmol scale following the method described for 
48b. The product was isolated in 33% yield after flash chromatography on silica gel 
(eiuant EtOActpet ethenAcOH 40:60:1 v/v/v). 
Rf (EtOAcpet. ethenAcOH 40:60: 1 ) 0.09 
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64c f3R)-2-{(2R.4RM-((2RM-tert-Butyioxy^ 
4-phenyl-pyrroHdine-2-<^onyIH 

This was prepared from 64b on a 0.08 ramoi scale following the method described for 
If. The product was isolated in 100% yield (54 rag) without chromatography. 
HPLC System B ^=15.4* >98% 
Mass spec (FAB) m/e=6I0 [M+H1+ 

EXAMPLE 65 




65a Methyl. (3R)-2.{(2R.4S).I^n.buryloxycarbonyl^phenyi.pyr ro Bdine-2. 
carbonyl}.1^3,4-t€trahydroisoquinoline-3-acetate. 

This was prepared from 1c on a 0.24 mmol scale following the method described for Id 
using (2R.4R)-l.fm-butyloxycarbonyi^prumyl-pyrroUdme-2KarboxyUc acid (J. 
Krapcho et al, JMaLChem., 31.1148.1988) instead of N-BOC-(>berizyl-trireoiune. The 
product was isolated in 78% yield and used without further purification. 
Rf (EtOAcrpeL ether 30:70 v/v) 0.1 1 
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65b Methyl (3R)-2-{(2R.4S)-l-((2R)-l-/m-butyioxyc^ 

carbonyl)^phenyJ-pyiToiidine-2-carbonyi}-l^,4-teti^ydroisoquinoiine-3- 
acetate. 

This was prepared from 65a on a 0.31 ramol scale following the method described for 
48b. The product was isolated in 74% yield after flash chromatography on silica gel 
(eluant EtOAc:pet. ether AcOH 30:70:1 v/v/v). 
Rf (EtOAcrpet ethenAcOH 25:85:1) 0.10 

65c (3R).2-{(2R,4S).l-((2R)W.fm.Butyloxycarbonyl-23-dihydroindole.2-carbonyl)- 
4-phenyl-pyrrolidine-2-carbonyl }-l JL3.4-tetrahydroisoquinoUne-3-acetic acid. 

This was prepared from 65b on a 0.30 mmol scale following the method described for 
If. The product was isolated in 79% yield ( 149 mgj without chromatography. 
HPLC System B t R =14.8* >95% 
Mass spec (FAB) m/e=610 [M+H]+ 

EXAMPLE 66 




66a x ch 3 




66c 
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66a Methyl (3R)-2-{(2R»4S)-l-te/t-butyIoxycart^ 
carbonyI}-1^3,4-teti^ydroisoquinoIine-3<arboxylat^ 

This was prepared from 26a on a 0.66 rnmol scale following the method described for 
Id using C2R,4SVl-rm-butyioxycarbonyl^benzyl-pyrroUdine-2<arboxyIic acid (J. 
Krapcho et aU JMedChenu, 31.1148.1988) instead of N-BOC-O-benzyl-threonine. The 
product was isolated in 55% yield after flash chromatography on silica gel feluant 
EtOAcrpeL ethenAcOH 30:70: 1 v/v/v). 

66b Methyl (3R)-2-{(2R.4SH-((2R)-l-^ 

carbonyl)^benzyI-pyiToHdine-2-carbo 

carboxylate. 

This was prepared from 66a on a 0.35 mmol scale following the method described for 
48b. The product was isolated in 33% yield after flash chromatography on silica gel 
(eluant EtOAcrpeL ethenAcOH 30:70:1 v/v/v). 

66c (3R)-2-{(2R,4S)-l-((2R)-l-^ 
4-benzyl-pyrroUdine-2-^arbonyl}-l^ 

This was prepared from 66b on a 0.1 1 mmol scale following the method described for 
If. The product was isolated in 63% yield (43 mg) after recrystallizadon from 
MeOH/^O. 

HPLC System B t R =i4.6' >95% 
Mass spec (FAB) m/e=6I0 [M+HJ+ 
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67a Ethyl (2R^SM-te/t-butyloxycarto 

To a solution of 30a (290 rag f 1.32. mmol) in CH2CI2 (10 mL) was added di-rm-butyi 
pyrocarbonate (576 mg, 2.64 ramoi), and the mixture was stirred at room temperature for 
3 his. The solvent was evaporated in vacuo, and the residue was purified by flash 
chromatography on silica gel (eiuant EtOAcrpeL ether 15:85) to give the title compound 
(400mg,95%). 

Rf (EtOAcrpeL ether 15:85) 0.35 

67b (2R^S)-l^rt.Butyloxycarbonyl.5-phenyl-pyrrolidine-2-carboxylic add. 

This was prepared from 67a on a 1.25 mmol scale following the method described for 
If. The product was isolated in 93% yield and used without further purification. 

67c 2-{(2R^SMWe/t-Butyloxycarbonyl-5-phe^ 
tetrahydroisoquinoline. 

This was prepared from 67b and tetrahydroisoquinoline on a 0.38 mmol scale following 
the method described for Id. The product was isolated in 74% yield after flash 
chromatography on silica gel (eiuant EtOAcrpeL ether 30:70 v/v). 
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67d 2-{(2R^S)-l-((2RVMert-ButyIoxvcarto^ 
phenyl-pyrroUdine-2*carbonyl}-1^3.4-tetrahydroisoquinoline. 

This was prepared from 67c on a 0.28 ramol scale following the method described for 
48b. The product was isolated in 64% yield (98 mg) after flash chromatography on silica 
gel (eluant EtOAcmet. ether 40:60 v/v). 
HPLC System A t R =25.0' >99% 
Mass spec (FAB) m/e=552 [M+H] + 



EXAMPLE 68 




68a Methyl (3R).2-{(2R^S)-l^rt-butyioxycarbonyl-5-phenyl-pyrrolidine-2- 
carbonyI}-1^3,4-tetrahydroisoquinoline-3-carboxylate. 

This was prepared from 67b and 26a on a 0.27 mmol scale following the method 
described for Id. The product was isolated in 56% yield after flash chromatography on 
silica gel (eluant EtOAcrpet. ether 25:75 v/v). 
lH NMR 8 1.13 (9H.S); 3.63 (3H.S); 5.69 ( lHxJ=4Hz) 

68b Methyl (3R)-2-{(2R^SM-((2R)-l-tert-buty{oxycarboiiyl-2^^hyclroindole-2^ 
carbonyl)-5-phenyl-pyiroli(yne-2-carbonyl}-1^3.4-tetn^ydroisoquinoIine-3- 
carboxylate. - 

This was prepared from 68a on a 1.0 mmol scale following the method described for 
48b. The product was isolated in 68% yield (415 mg) after flash chromatography on 
silica gel (eluant EtOAc:pet. ether 40:60 v/v). 
HPLC System A ^=24.7' >99% 
Mass spec (FAB) m/e=610 [M+H] + 
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EXAMPLE 69 




69(3R)-2-{(2I^SM.((2R)-l-fert-Butyloxyc^^ 

phenyl-pyiroMdine-2-carbonyI}-143,4-tetrahydroisoquino«ne.3-carboxylicad 

This was prepared from 68b on a 0.13 mraol scale following the method described for 
If. The product was isolated in 50% yield (38 mg) after flash chromatography on silica 
gel (eluant EtOAcrpeL ether AcOH 60:40:2 v/v/v). 
HPLC System A t R =14.9' >98% 
Mass spec (FAB) m/e=618 [M+Na]+ 

EXAMPLE 70 




70 (3R)-2-{(2R4SH-((2RM-te^Butyloxycarbon 
phenyl-pyiroUmne-2-<^bonyI}-1^3,4-tetrahy^ 

To an ice-cold stirred solution of 69 (107 mg, 0.18 mmol) and pentafluorophenol (37 
mg, 0.2 mmol) in CH2CI2 (10 mL) was added WSCD.HC1 (478 mg, 0.4 mmol). the 
mixture was stirred at 0°C for 1 hr., then c. aqueous NH3 (0.5 mL) was added and 
vigorous stirring was continued for 3 hr. The mixture was partitioned between EtOAc 
and H20, and the organic phase was washed with 10% KHSO4, satd. KHCO3 and brine, 
filtered (Whatman R IPS phase separator), and concentrated in vacuo. The residue was 
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purified by flash chromatography on silica gel (eluant EtOAcrpet. ethenAcOH 55:45:2 
v/v/v) to give the title compound (87 mg. 81%). 
HPLC System A t R s20a* >99% 
Mass spec (FAB) m/e=595 [M+HJ+ 

EXAMPLE 71 

Q Q 

H 3 C^CH3 H 3 c4*CI^ °^As^k^ 

71a oA>-^ ?1b o^oh 

71a Methyl N«3R)-2K(2RJ5S)-l.((2m^^ 

^«vI)-5-phenyl- P vrro^ 

carbonyi}-glycinate. 

This was prepared from 69 on a 0.30 mmoi scale following the method described for 
38b. The product was isolated in 85% yield after flash chromatography on silica gel 
(eluant EtOAapet, ether 65:35 v/v). 

71b N -« 3R W(2R4SH-((2R).Rei*.ButyIoxycarbonyi. 
carbonyl)-5-phenyl.pyro^^^ 

carbonyl}-giydne. 

This was prepared from 71a on a 0.26 mmoi scale following the method described for 
If. The product was isolated in 71% yield (120 rag) after flash chromatoeraphy on silica 
gel (eluant EtGAcAcOH 100:2 v/v). 
HPLC System A t R =l8.4'>99% 
AAA Peptide content=76% 
Mass spec (FAB) m/e=653 [M+H] + 
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EXAMPLE 72 




72a (2R)-l-Neopentyloxycarbonyl-23-dihydroindoIe-2-carboxyUc add. 

To an ice-cold stirred solution of neopemyl alcohol (88mg, 1 mmol) in CH2CI2 (5 mL) 
was added triphosgene (110 mg, 0.37 mmol) and pyridine (84 jiL. 1.02 mmol). The 
mixture was allowed to warm to room temperature and stirred for 1 nr. then cooled to 
0°C. A solution of methyl (2R)-2^-dmydroindole-2-carboxylate hydrochloride (107 mg, 
0.5 mmol) and diisopropylethylamine (90 |iL. 0.45 mmol) in CH2Q2 (2 mL) was added 
and the mixture was stirred at room temperature for 3 hr. The solvent was removed in 
vacuo and the residue was taken up in EtOAc. The solution was washed with IM HQ 
(x3) and brine, filtered ( Whatman R 1 PS phase separator), and concentrated in vacuo. The 
residue was taken up in dioxan ( 10 mL) and a solution of LiOH (24 mg, 1 mmol) in EfrO 
(2 mL) was added. The mixture was stirred at room temperature for 90 min.. then the 
solvent was evaporated in vacuo and the residue was partitioned between EtOAc and 10% 
aq. KHSO4. The organic phase was washed with brine, filtered (Whatman R IPS phase 
separator), and concentrated in vacuo to give the title compound (90 mg, 62%) which was 
used without further purification. 
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72b xMethyl (3R)-2K(2R^S).H(2R).l.neopentyioxvcarl)onvI.2J^ y droiiidole.2. 

<^bonyI)-5.phenyl-pyiToUd^^ 

carboxylate. 

This was prepared from 68a and 72a on a 0.29 mraol scale following the method 
described for 48b. The product was isolated in 50% yield after flash chromatography on 
silica gel (eluant EtOAc^et. ether 35:65 v/v). 

72c (3RW(2R^SM-((2RM-Neopentylox^^ 
5-phenyl.pyrroKdine-^^ 

This was prepared from 72b on a 0.14 mmol scale following the method described for 
If. The product was isolated in 8 1% yield (69 mg, after flash chromatography on silica 
gel (eluant EtOAcrpet. ethenAcOH 60:40:2 v/v/v). 
HPLC System A t R =22.4' >95% 
Mass spec (FAB) m/e=610 [M+HJ+ 

EXAMPLE 73 




73c 
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73a (2R).l-IsopropyloxycarbonyI-23-dihydroindole-2-carboxyiic add. 

This was prepared from isopropanol on a 0.5 mmoi scale following the method 
described for 72a. The product was isolated in 80% yield and used without further 
purification. 

73b Methyl (3R)-2-{(2R.5SM-((2RM-isopropyloxycCT^ 

carbonyl^S-phenyl-pyrroiidine-2-c^ 

carboxylate. 

This was prepared from 68a and 73a on a 0.33 mmol scale following the method 
described for 48b. The product was isolated in 59% yield after flash chromatography on 
silica gel (eluam EtOAcrpet. ether 45:55 v/v). 

73c (3R).2-{(2R£S>H(2RH-Isopropy^ 
5-phenyl-pyrroUdine-2^bonyl}-l^ 

This was prepared from 73b on a 0.19 mmol scale following the method described for 
If. The product was isolated in 63% yield (70 mg) after flash chromatography on silica 
gel (eluam EtOAcrpet. ethenAcOH 60:40:2 v/v/v). 
HPLC System A t R =!8.5' >90% 
Mass spec (FAB) m/e=582 [M+HJ+ 
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EXAMPLE 74 




74a f2RM-CyctohexyloxycarbonyI-2 3-dihydroindoIe-2-carboxyIic acid. 

This was prepared from cyclohexanol on a 0.5 ramol scale foUowing the method 
described for 72a. The product was isolated in 72% yield and used without further 
purification. 

74b Methyl (3RW(2R^SM<(2RM^ydohexyloxy^ 

carbonyI).5-phenyl-pyrroUto^ 

carboxylate. 

This was prepared from 68a and 74a on a 0.27 mmol scale foUowing the method 
described for 48b. The product was isolated in 73% yield after flash chromatography on 
silica gelfeluantEtOAcrpet. ether 35:65 v/v). 

74c (3RW(2R4SM-((2RM-Cy^^ 

carbonyI)-5-phenyI-pyiToKtfn^ 

carboxylicacid. 

This was prepared from 74b on a 0.20 mmol scale foUowing the method described for 
If. The product was isolated in 84% yield (104 mg) after flash chromatography on silica 
gel feluant EtOAcrpeL ethenAcOH 55:45:2 v/v/v). 
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HPLC System A ^=23.0' >95% 
Mass spec (FAB) m/e=621 rM+Hl + 

EXAMPLE 75 




75a (2R)-l-(2-Adainantyi)oxycarbonyl-23-dihydroindole-2-carboxylic add. 

This was prepared from 2-adamanianol on a 0.5 ramol scale following the method 
described for 72a. The product was isolated in 80% yield and used without further 
purification. 

75b Methyl (3R)-2-{(2R^S)-l-((2R)-M2-aciamantyl)oxycarbonyl-2^^1ihyciroindoIe- 

2-carbonyl)-5-pheny|.pyrroiidine-2-carbonyl}-1^.4-tetrahydroisoquinoiine-3- 

carboxylate. 

This was prepared from 68a and 75a on a 0.33 mmol scale following the method 
described for 48b. The product was isolated in 29% yield after flash chromatography on 
silica gel (eluant ElOAc:peL ether 35:65 v/v). 
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75c (3RV2-{(2R3S)-l-((2R)-l-<2-AdamaiityI)oxycarbonyl.2J^lUiydroindole-2. 

carbonyI)-5-phenyI-pyirolidme-^^ 

carboxyiic add. 

This was prepared from 75b on a 0.09 mmol scale following the method described for 
If. The product was isolated in 81% yield (49 rag) after flash chromatography on silica 
gel (eluant EtOAc:peL ethenAcOH 55:45:2 v/v/v). 
HPLC System A t R =27.9' >98% 
Mass spec (FAB) m/e=674 [M+H]+ 

EXAMPLE 76 




76a (2R)-I-/e#t-Butylcarbamoyl-23-dihydroindoIe.2^arboxyUc add. 

To an ice-cold stirred solution of methyl (2R)-2.3-dihydroindole-2-carboxylate 
hydrochloride (107 mg, 0.5 mmol) and diisopropyfemylamine (110 pL. 0.6 mmol) in 
CH 2 CI 2 (2 mL) was added tert-butylisocyanate (120 mg, 1.2 mmol). The mixture was 
allowed to warm to room temperature and stirred for 6 days then the solvent was removed 
in vacuo and the residue was taken up in EtOAc. The solution was washed with \M HC1 
(x3) and brine, filtered (Whatman* IPS phase separator), and concentrated in vacuo. The 
residue was taken up in dioxan (10 mUand a solution of LiOH (24 mg, 1 mmol) in H 2 0 
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(2 mL) was added. The mixture was siined at room temperature tor 90 min., then the 
solvent was evaporated in vacuo and the residue was partitioned between EtOAc and 10% 
aq. KHSO4. The organic phase was washed with brine, filtered (Whatman R IPS phase 
separator), and concentrated in vacuo to give the tide compound (120 mg, 91%) which 
was used without further purification. 

76b Methyl (3R)-2-{(2R.5SM-((2RM-tert-butylcartamoy 

carbonyl)-5-phenyi-pyrroiidine-2-carbonyl^l.2^,4-tetrahydroisoquinoline-3- 

carboxylate. 

This was prepared from 68a and 76a on a 0.37 mmol scale following the method 
described for 48b. The product was isolated in 13% yield after flash chromatography on 
silica gel (eluant EtOAcrpet. ether 50:50 v/v). 

76c (3R)-2-{(2R^SH-((2RM-/m.Butyic^amoyl-2^^ 
phenyl-p\Troliojne-2-carbonyi}.U3,4-tetrahydroisoqiunoUne-3^^rboxyUcacid. 

This was prepared from 76b on a 0.05 mmol scale following the method described for 
If. The product was isolated in 67% yield (20 mg) after flash chromatography on silica 
gel (eluant EtOAcpet. ethenAcOH 75:25:2 v/v/v). 
HPLC System A t R =l2.2' >98% 
Mass spec (FAB) m/e=595 [M+H] + 



EXAMPLE 77 



68b 




Q o 
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77a Methyl (3R)-2-{(2R^SM-((2R)-l-te/T-butylacetyI-23^ 

carbonyl)-5-phenyl-pyrroIidine-2-carbonyI}-1^.4-tetrahydroisoquinoline-3- 

carboxylate. 

This was prepared from 68b on a 0.18 mmol scale following the method described for 
52a. The product was isolated in 81% yield after flash chromatography on silica gel 
(eluant EtOAcrpet. ether 40:60 v/v). 

77b (3R)-2-{(2R^S)-l-((2RH-te/t-Batyia^^ 

phenyl-pyrroiidine-2-carbonyl}-1^3Atetrahydroisoquinoline-3-carboxyiicacid. 

This was prepared from 77a on a 0.14 mmol scale following the method described for 
If. The product was isolated in 82% yield (68 mg> after flash chromatography on silica 
gel (eluant EtOAcrpet. ethenAcOH 60:40:2 v/v/v). 
HPLC System A ^=20.0' >99% 
Mass spec (FAB) m/e=594 [M+H] + 
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78a Methyl (3R)-2-{(2R^S)-l./m.butyloxycari)onyl-5.phenyl-pyrroUdine-2- 
carbonyl }• 1^3,4- tetrahydroisoquinoiine-3-acetate. 

This was prepared from lc and 67b on a 0.58 ramol scale following the method 
described for Id. The product was isolated in 87% yield after flash chromatography on 
silica gel (eluant EtOAcrpet. ether 25:75 v/v). 

78b Methyl (3R)-2-{(2R^S)-H(2R)-l.tert.butyloxycarbonyl-23Hiihy€iroindole-2^ 

OTbonyI)-5-phenyI-pyiToHcHne-2^to 

acetate. 

This was prepared from 78a on a 0.36 mmol scale following the method described for 
48b. The product was isolated in 98% yield after flash chromatography on silica gel 
(eluant EtOAcrpet. ether 40:60 v/v). 

78c (3R)-2-{(2R^SH-((2R)-Wert-Butyloxycarbo^^^ 
5-phenyl-pyrrolidine-2-carbonyl}-l^,4-tet^ 

TTiis was prepared from 78b on a 0.35 mmol scale following the method described for 
If. The product was isolated in 45% yield (95 mg) after flash chromatography on silica 
gel (eluant EtOAc:peL ethenAcOH 60:40:3 v/v/v). 
HPLC System A ^=15.7 >99% 
Mass spec (FAB) m/e=610 [M+H1+ . 
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EXAMPLE 79 




79a Ethyl (2R^S)-l-((2R)-l-fert-butyloxycarbonyl-2,3-dihydroindole-2-carbonyI)-5- 
phenyi-pyrroIidine-2-carboxylate. 

This was prepared from 30a on a 1.37 ramol scale following the method described for 
48b. The product was isolated in 86% yield after flash chromatography on silica gel 
(eluant EtOAc:hexane 35:65 v/v). 
Rf (EtOAcAexane 40:60 v/v) 0.29 
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79b (2R^S)-l-((2R)-l-/m-Butyioxycarbony^ 
phenyl-pyrrolidine-2-carboxylic acid. 

This was prepared from 79a on a 1.18 ramol scale following ihe method described for 
If. The product was isolated in 66% yield and used without further purification. 
Rf (EtOAc:hexane:AcOH 80:20:2 v/v/v) 0.3 i 

79c Methyl N-{(3R)-2-*m-butyloxycarbonyl-l 
acetyl}-prolinate. 

This was prepared from lb on a 1.25 mmol scale in two steps, lb was hydroiysed 
following the method described for If, and the crude acid was coupled to ProOMe 
following the method described for Id. The product was isolated in 86% yield after flash 
chromatography on silica gel (eluant EtOAc:hexane 60:40 v/v). 
Rf (EtOAc:hexane 60:40 v/v) 0.23 

79d Methyl N-{(3R)-2-{(2R^SM-((2RV^ 

carbonyl)-5-phenyI-pyrrolidme-^ 

prolinate. 

This was prepared from 79c on a 0.14 mmol scale in two steps. 79c was deprotected 
following the method described for 1c, and the crude amine was coupled to 79b following 
the method described for Id. The product was isolated in 100% yield after flash 
chromatography on silica gel (eluant EtOAc:hexane 80:20 v/v). 
Rf (EtOAchexane 80:20 v/v) 0.19 

79e N-{(3R)-2-{(2R^SM-((2RH*m^ 

carbonyl)-5-phenyi-pyirolidine-2<arto 

proline. 

This was prepared from 79d on a 0.14 mmol scale following the method described for 
If. The product was isolated in 45% yield (45 mg) after flash chromatography on silica 
gel (eluant EtOAc:AcOH 100:2 v/v). 
HPLC System A t R =l8.5' >98% 
AAA Peptide content^ 1% 
Mass spec (FAB) m/e=707 [M+H] + 
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EXAMPLE 80 




80a Methyl N-{(3R)-2-/m-butyloxycarbonyl.l^,4-teti^ydroisoquinoIine-3- 
acetylJ-D-prolinate. 

This was prepared from lb on a 1.25 mraol scale following the method described for 
79c using D-ProOMe. The product was isolated in 43% yield after flash chromatography 
on silica gel (eluant EtOAcrhexane 7030 v/v). 
Rf (EtOAcrhexane 60:40 v/v) 0.27 
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80b Methyl N-{(3R)-2-{(2R^S)-M(2R)-l-^-butyioxyc^^ 

<^bonyi)-5-phenyl-pyiroiidine-2-carbonyI}-iaJAtetrahydroisoquino^ 
D-prolinate. 

This was prepared from 80a on a 0.13 mmol scale following the method described for 
79d. The product was isolated in 100% yield after flash chromatography on silica gel 
(eluant EtOAc:hexane 80:20 v/v). 
Rf (EtOAchexane 80:20 v/v ) 0. 1 8 

80c N-{(3R)-2-{(2R,5S)-l-((2RM^rt.ButyIox^^ 

carbonyl)-5-phenyl-pyiTolidine-2-carbonyl}-l 

D-proline. 

This was prepared from 80b on a 0.13 mmol scale following the method described for 
If. The product was isolated in 50% yield (49 mg) after flash chromatography on silica 
gel (eluant CHCl3:MeOH:AcOH 50:2:1 v/v/v). 
HPLC System A ^=17.8' >98% 
AAA Peptide content=91% 
Mass spec (FAB) m/e=707 [M+H]+ 

EXAMPLE 81 




81a 81b 



81a Methyl (3R)-2-{(2R^S)-l-((2R)-l-neopentyloxycarbonyl-23-dihydroiiidole-2- 

carbonyl)-5-phenyl-pyrroh'dine-2-carbon^ 

acetate. 

This was prepared from 78b on a 0.27 mmol scale in two steps. 78b was deprotected 
following the method described for lc and the crude amine was reacted with neopentyl 
chloroformate following the method described for 72a (excluding the final hydrolysis). 
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The product was isolated in 70% yield after flash chromatography on silica gel (eluant 
EtOAcrpeL ether 25:75 v/v). 

81b (3R)-2-{(2R3S)-l-((2R)-l-Neopentyloxycart^ 

5-phenyl-pyiroUdine.2w^bonyJ}- 1,23.4- teti^ydroisoqiiinoline-3-acetic acid. 

This was prepared from 81a on a 0.19 ramol scale following the method described for 
If. The product was isolated in 70% yield (82 mg) after flash chromatography on silica 
gel (eluant EtOAc.-peL ethenAcOH 50:50:2 v/v/v). 
HPLC System B ^=17.5' >95% 
Mass spec (FAB) m/e=624 [M+H1+ 

EXAMPLE 82 




82a 82b 



82a Methyl (3R)-2-{(2R^S)-W(2R)-l-cydohexyIox^^ 

carbonyI)-5-phenyl-pyiTolidm^ 

acetate. 

This was prepared from 78b on a 0.27 ramol scale following the method described for 
81a using cyclohexanol instead of neopentyl alcohoL The product was isolated in 62% 
yield after flash chromatography on silica gel (eluant EtOAcrpeL ether 20:80 v/v). 

82b (3R)-2-{(2R3S)-W(2R)^ 

carbonyl)-5-phenyl-pyrro.iti^ 

acid. 

This was prepared from 82a on a 0.17 ramol scale following the method described for 
If. The product was isolated in 82% yield (86 mg) after flash chromatography on silica 
gel feluant EtOAcrpeL ethenAcOH 50:50:2 v/v/v). 
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HPLC System B t R si8. r >98% 
Mass spec (FAB) m/e=636 [M+H1+ 



EXAMPLE 83 




83a Methyl (3R)-2^(2IL5SM^(2RMK2-adai^^ 

2n^onyI)-5-phenyl-pyiToUdine-2H^ 

acetate. 

This was prepared from 78b on a 0.27 raraol scale following the method described for 
81a using 2-adamantanol instead of neopentyl alcohol. The product was isolated in 72% 
yield after flash chromatography on silica gel (eluant EtOAc:pet ether 20:80 v/v). 

83b (3RW<2R^S)-M(2R)-W2-AdaniOTtyIto^^ 

<^onyl)-5-phenyl-pyiroIidine-2<^ 

add. 

This was prepared from 83a on a 0.19 mmol scale following the method described for 
If. The product was isolated in 66% yield (88 rag) after flash chromatography on silica 
gel (eluant EtOAcrpeL cthenAcOH 50:50:2 v/v/v). 
HPLC System B ^=21.4* >99% 
Mass spec (FAB) m/e=687 [M]+ 
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EXAMPLE 84 




84a (3R)-l^,4-Tetrahydro-benz[/lisoquinoUne-3-carboxylic acid hydrochloride. 

A mixture of D-3^1-naphthyi)-alanine (5 g t 23.2 mmoi). 37% formalin (9 mL) and 
cone. HQ (40 mL) was heated on a steam bath for 30 min. with occasional swirling. 
Further formalin (6 mL) and HQ (15 mL) were added and heating was continued for 3 
his. The mixture was cooled to 4°C and allowed to stand for 2 hrs. The solid product 
was collected, washed with cold EbO and acetone, and dried over KOH to give the tide 
compound (3-2 g, 52%). 

84b Methyl (3R)-l^^,4-teti^ydro-benz(/]isoquinoIine-3-carboxylate hydrochloride. 

This was prepared from 84a on a 6.05 mmoi scale following the method described for 
26a. The product was isolated in 43% yield after flash chromatography of the free amine 
on silica gel (eluant EtOAc) and stored as the hydrochloride. 
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84c Methyl (3R)-2-{(2It5S)-l.terf-butyloxycarbonyi.5-phenyi-pyiToUdine-2. 
carbonyl}-l^J,4-tetrahydro-b€nz(/Jisoqiiinoline.3-carboxylate. 

This was prepared from 67b and 84b on a 0.50 ramol scale foUowing the method 
described for Id. The product was isolated in 82% yield after flash chromatography on 
silica gel (eiuant EtOAcipet. ether 30:70 v/v). 

84d Methyl (3R)-2.{(2R^S).l.((2R).l.te/t.butyloxycarl>onyl.23.dlhydroindole-2. 

cartonyl)-5.phenyl-pyiTOHdine-^ 

3«carboxylate. 

This was prepared from 84c on a 0.41 mmoi scale foUowing the method described for 
48b. The product was isolated in 81% yield after flash chromatography on silica gel 
(eiuant EtOAcrpeL ether 40:60 v/v). 

84e (3R)-2-{(2R^S)-l-((2R)-l^en.ButyioxycarbonyI.23^ihydroindoIe-2-carbonyl). 

5-phenyl-pyiTOUdine-2*^bonyl}-l^,4.tet^ 

carboxylic add. 

This was prepared from 84d on a 0.33 ramol scale foUowing the method described for 
If. The product was isolated in 74% yield f 157 mg) after flash chromatography on silica 
gel (eiuant EtOAcrpeL ethenAcOH 55:45:2 v/v/v). 
HPLC System A t R =23.0' >98% 
Mass spec (FAB) m/e=646 [M+HJ+ 
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EXAMPLE 85 



84a 







HCIHN 



o 




H 3 C Q T~\ 

3 CH 3 q 



85b 



o-~o 



85c 




85d 




H 3 C^CH 3 
CH 3 

85e 




85f 



85a (3R)-2-te/*-ButyloxycarbonyM 
add. 

This was prepared from 84a on a 6.05 mmol scale following the method described for 
la. The product was isolated in 41% yield after flash chromatography on silica gel 
(eluant EtOAcrpeL ethenAcOH 35:65:2 v/v/v). 
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85b Methyl (3R)-2-tert.butyloxycarbony|.l^.4.tetrahydro-beii2(nisoquinoline-3- 
acetate. 

This was prepared from 85a on a 2.5 mraoi scale following the method described for lb. 
The intermediate diazoketone was isolated in 80% yield after flash chromatography on 
silica gel (eluant EtOAc:pet. ether 25:75 v/v), and the product was isolated in 75% yield 
after flash chromatography on silica gel (eluant EtOAc:pet ether 18:82 v/v). 

85c Methyl (3R)-ia3,4-tetrahydro-benz(/]isoquinoUne-3-acetate hydrochloride. 

This was prepared from 85a on a 0.49 mmol scale following the method described for 
lc. The product was used without purification assuming a yield of 100%. 

85d Methyl (3RW(2R^)-l^/t.butyloxycari)onyl-5.phenyl.pyrrolidine.2. 
carbonyl}-l^ t 4-tetrahy(iro>beiiz[/]isoquinoline-3-acetate. 

This was prepared from 67b and 85c on a 0.49 mmol scale following the method 
described for Id. The product was isolated in 81% yield after flash chromatography on 
silica gel (eluant EtOAcrpet. ether 30:70 v/v). 

85e Methyl (3R)-2-{(2R4SM^(2RM^rt4rotyioxycarto^^ 

carbonyl)-5-phenyJ-pyrrolidine-2-c^ 

3-acetate. 

This was prepared from 85d on a 0.40 mmol scale following the method described for 
48b. The product was isolated in 87% yield after flash chromatography on silica gel 
(eluant EtOAc:peL ether 40:60 v/v). 

85f (3R)-2-{(2R£SM-((2RM-/m-Butyloxycarbo^ 

5-phenyl-pyiroKdine-2-carbo^ 

add. 

This was prepared from 85e on a 0.36 mmol scale following the method described for 
If. The product was isolated in 64% yield (151 mg) after flash chromatography on silica 
gel (eluant EtOAc:peL ethenAcOH 55:45:2 v/v/v). 
HPLC System A t R =24.1' >99% 
Mass spec (FAB ) ra/e=560 [M+H-BOC] + 
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86a Ethyl (2R)«2-^/r-butyloxycarbonylamino-5-oxo-<Hphenyl-hexanoate. 

To a stirred solution of ethyl N-BOC-D-pyroglutamate (2.06 g, 8 mmol) in THF (10 
mL), cooled to -78°C under N2, was added dropwise a solution of benzylmagnesium 
chloride in THF (5 mL* 2N, 10 mmol). The mixture was allowed to warm to room 
temperature over I hr., and was then poured into 5% aq. KHSO4. The mixture was 
extracted with EtOAc, and the organic phase was washed with satd. KHCO3 brine » 
filtered (Whatman R IPS phase separator), and concentrated in vacuo. The residue was 
purified by flash chromatography on silica gel (eluant EtOAcrpeL ether 30:70 vfv) to give 
the title compound (1.5 g f 54%). 
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•H NMR 8 1.28 (3H.U=7Hz): 1.47 (9Hjs); 3.73 (2*Ls); 4. 19 (2H,qJ=7Hz) 

86b Ethyl (2R-5S)-5-benzyi-pyrrolidine-2-carboxyIate. 

A solution of 86a (1.5 g, 4.3 ramol) in CH-rCh (20 raL) and TFA (20 mL) was stiired 
at 0°C for 1 nr. then concentrated mi vacuo, finally with CCI4 azeotrope. The residue 
was taken up in EtOH (30 mL). To this solution was added AcOH (3 raL), then 
diisopropylethylamine (0.87 mL. 5 mmol) and finally NaBF^CN (0.82 g, 13 mmoi) in 
three portions. The mixture was stirred at room temperature for 3 nr.. then the solvent 
was evaporated in vacuo. The residue was partitioned between EtOAc and satd. KHCO3, 
and the organic phase was washed with brine, filtered (Whatman* IPS phase separator), 
and concentrated in vacuo. The residue was purified by flash chromatography on silica 
gel (eluant EtOActpet. ether 60:40 v/v) to give the title compound (410 mg. 41%). 
lH NMR 8 1.28 (3H.U=7Hz); 2.75 (lRddJ=14,7Hz); 2.89 (lRddJ=14,7Hz); 4.19 
(2H.qJ=7Hz) 

86c Ethyl (2RJS)-M(2R)-l-/m-butyloxycartonyl-2> 
benzyI-pyrrolidine-2-carboxylate. 

This was prepared from 86b on a 1.76 mmol scale following the method described for 
48b. The product was isolated in 86% yield after flash chromatography on silica gel 
(eluant EtOAcrpeL ether 25:75 v/v). 

86d (2R^S)-l^(2R)-l.tert-Butyloxycarboiiyl-23^hydroindoIe-2H^bonyI).5- 
benzyl-pyrroUdine-2-carboxylic add. 

This was prepared from 86c on a 1.51 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

86e Methyl (3R)-2-{(2R.5SM^(2RM-te/T-butvloxyca^ 
carbonyl)-5-benzyl-pyirolidine-2^rbow 

This was prepared from lc and 86d on a 0.50 mmoi scale following the method 
described for Id. The product was isolated in 97% yield after flash chromatography on 
silica gel (eluant EtOAcrpeL ether 40:60 v/v). 
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86f (3R)-2-{(2R£SM-((2R)-l-fm-ButyIoxy<^b^ 

5-betizyi-pyrroIidine-2-carbonyI }-1^3.4-tetrahydroisoquinoline-3-acetic acid. 

This was prepared from 86e on a 0.49 mmoi scale following the method described for 
If. The product was isolated in 49% yield (150 mgj after flash chromatography on silica 
gel (eluant EtQAcrpet. ethenAcOH 60:40:2 v/v/v). 
HPLC System A ^=15.2' >99% 
Mass spec (FAB) m/e=624 [M+H1+ 



EXAMPLE 87 
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87a Ethyl (2R)-3.4-dihydro-5-(2-naphthyl).2H-pyiToIe.2-carboxylate. 

To a stirred solution of ethyl N-BOC-D-pyroglutamate (2.06 g, 8 raraol) in THF (10 
mL), cooled to -78°C under No, was added dropwise a solution of 2-naphthyImagnesiura 
chloride in THF (5 mL. 2N, 10 mraol). The mixture was allowed to warm to room 
temperature over 1 nr.. and was then poured into 5% aq. KHSO4. The mixture was 
extracted with EtOAc. and the organic phase was washed with satd. KHCO3 20(1 brine, 
filtered (Whatman* IPS phase separator), and concentrated in vacuo. The residue was 
taken up in CH2CI2 (20 mL) and TFA (20 mL) and stirred at (PC for 1 nr. then 
concentrated in vacuo, finally with CCI4 azeotrope. The residue was taken up in satd. 
KHC03 and extracted twice with EtOAc. The combined organic phases were washed 
with brine, filtered (Whatman* IPS phase separator), and concentrated in vacuo. The 
residue was purified by flash chromatography on silica gel (eluant EtOAcrpeL ether 20:80 
then 40:60 v/v) to give the title compound (605 mg, 28%). 
iHNMR 8 1.43 (3HXT=7Hz); 4.41 (2ILqJ=7Hz): 5.04 (lHjn) 

87b Ethyl (2ILSS)-5-(2.naphthyl).pyrroUdine.2-carboxylate. 

This was prepared from 87a on a 2.27 mmol scale following the method described for 
30a. The product was isolated in 56% yield after flash chromatography on silica gel 
(eluant EtOAc:peL ether 30:70 v/v). 

lH NMR S 1.43 (3H.U=7Hz): 4.08 ( IRm); 4.35 (2BLqJ=7Hz); 4.48 (lH.m) 

87c Ethyl (2R^S)-l-((2R).l.te/t-buty!oxycarbonyl-23^hydroinclole«2.carbonyl)-5- 
(2-naphthyl)-pyrroIidine-2-carboxylate. 

This was prepared from 87b on a 1.26 mmol scale following the method described for 
48b. The product was isolated in 99% yield after flash chromatography on silica gel 
(eluant EtOAc:pet. ether 30:70 v/v). 

87d (2R^S)-l-((2R)-l^rt-Butyloxycarbonyl-23^ydroindole-2-carbonyl).5-(2. 
naphthyl)-pyrrolidine-2-carboxylic acid. 

This was prepared from 87c on a 1.25 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 
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87e Methyl (3R)-2-{(2R^S)-M(2R)-^ 

carbonyi)-5-(2-naphthyl)-pyrrolidine-2-^ 

carboxylate. 

This was prepared from 26a and 86d on a 0.31 mmol scale following the method 
described for Id. The product was isolated in 95% yield after flash chromatography on 
silica gel (eluant EtOAcrpet ether 40:60 v/v). 

87f (3R)-2-{(2R^SH-((2R)-l^rt-Butyloxyc^ 

5-(2-iraphthyI)-py]xoUdine^ 

acid* 

This was prepared from 87e on a 030 mmol scale following the method described for 
If. The product was isolated in 48% yield (93 mg) after flash chromatography on silica 
gel (eluant EtOAcrpet. ether: AcOH 60:40:2 v/v/v). 
HPLC System A t R =16.5' >98% 
Mass spec (FAB) m/e=646 [M+H] + 
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88a Ethyl (2S^R>-l-((2R)-l-/m-but>lox^cartonyl-23Kiihydroindole-2-carbonyl>-5- 
phenyl-pyrrolidine-2-carboxyIate. 

This was prepared from ethyl (2S^R)-5-phenyi-pyrrolidine-2-carboxylaie (the 
enantiomer of 30a) following the method described for 48b. The product was isolated in 
97% yield after flash chromatography on silica gel (eluant EtOAcihexane 35:65 v/v). 
Rf (EtOAc±exane 40:60 v/v) 0.27 

88b (2S3R)-l-((2R)-l^m-Butyloxycarbonyl-24Hlihydroindole-2-carbonyl)-5- 
phenyi-pyrrolidine-2-carboxyiic add. 

This was prepared from 88a following the method described for If. The product was 
isolated in 69% yield and was used without further purification. 
Rf (EtOAc:hexane:AcOH 80:20:2 v/v/v) 0.38 
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88c Methyl (3R)-2-{(2S.5RM-((2RM-/m-butyloxyc^^ 

carbonyi)-5-phenyi-pyrrolidine-2-carbonyi}-1.2J,4-tetrahydroisoquinoline-3- 

carboxylate. 

This was prepared from 26a and 88b on a 0.20 ramol scale following the method 
described for Id, The product was isolated in 100% yield after flash chromatography on 
silica gel (eluant EtOAc±exane 50:50 v/v). 
Rf (EtOAcmexane 50:50v/v) 0.24 

88d (3R)-2-{(2S3RM-((2R)-l-tert-ButyloxycarboOT^^ 

5-phenyl-pyrrolidine-2-<^bonyl}-1.23.4-tetrahydroisoquinolineO-carboxylicadd^ 

This was prepared from 88c on a 0.20 mmol scale following the method described for 
If. The product was isolated in 55% yield (66 mg) after flash chromatography on silica 
gel (eluant EtOAcmexane^AcOH 55:45:2 v/v/v). 
HPLC System A ^=19.8' >98% 
Mass spec (FAB) m/e=595 [M] + 

EXAMPLE 89 




89a 89b 



89a Methyl (3R)-2^{(2S^R)-H(2R)-l.te/t>butyIoxycarbonyl-23Himydroindole-2* 

carbonyI)-5-phenyl-pyrrolidine-2-carbonyl}-1^.4-teti^ydroisoqiunoUne-3- 

acetate. 

This was prepared from Ic and 88b on a 0.20 ramol scale following the method 
described for Id. The product was isolated in 87% yield after flash chromatography on 
silica gel (eluant EtOAcmexane 50:50 v/v). 
Rf (EtOAcmexane 50:50v/v) 0.26 
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89b (3R).2-{(2S^R).l-((2R>.l./m-ButyloxycarbonyI-23-dihydroindole-2-carbonyI). 
5-phenyl-pyrrolidine-2-carbonyl}-123,4-tetrahydroisoqiiinoline-3-aceticacid. 

This was prepared from 89a on a 0.17 mmoi scale following the method described for 
if. The product was isolated in 53% yield (55 rag; after flash chromatography on silica 
gel (eluant EtOAcmexane:AcOH 55:45:2 v/v/v). 
HPLC System A ^=20.3' >95% 
Mass spec (FAB) m/e=610 [M+H]+ 



EXAMPLE 90 




90a Methyl N-phenethyI-N-(<2R)-l-tert-butyloxycariM)nyl-23-^ydn)indole-2- 
carbonyl)-glydnate. 

This was prepared from 32a and 48a on a 0.70 mmol scale following the method 
described for Id. The product was isolated in 88% yield after flash chromatography on 
silica gel (eluant EtOAc:peu ether 25:75 v/v). 

90b N-Phenethyi-N.((2R)-l.tert-butyloxycai1ionyl-2J^hydroindole.2^bonyl^ 
glycine. 

This was prepared from 90a on a 0.50 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 
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90c Methyl (3R)-2-{N-phenethyI-N^ 

2-carbonyI)-glycyl }- 1.23,4-tetrahydroisoqiunoUne-3-carboxylate. 

This was prepared from 90b and 26a on a 0.50 mmol scale following the method 
described for Id. The product was isolated in 54% yield after flash chromatography on 
silica gel (eluant EtOAc:pet ethenAcOH 35:65:2 v/v/v). 

90d (3R)-2-{N-Phenethyl-N.((2R)-l-rm-butyto 
carbonyi)-glycyl}-1^3,4-tetrahydroisoquinoiine-3-carboxylic acid. 

This was prepared from 90c on a 0.27 mmol scale following the method described for 
If. The produce was isolated in 72% yield ( 1 14 mg) after flash chromatography on silica 
gel (eluant EtOAc:peL ethenAcOH 55:45:2 v/v/v). 
HPLC System A ^=19.9' >99% 
Mass spec (FAB) m/e=584 [M+H]+ 

EXAMPLE 91 




91a Methyl N-3-phenyIpropyl-N-((2R)~l-ferr-butyto 
carbonyO-glycinate. 

This was prepared from 44a and 48a on a 3.52 mmol scale following the method 
described for Id. The product was isolated in 55% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 40:60 v/v). 
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Rf ( EtOAc:hexane 40:60 v/v ) 0.3 1 

91b ^-3-PhenylpropyI.N^(2R).l.teit.butyIoxycarbonyl.23^iaiy(iroindoIe-2. 
carbonyi)«glycine. 

This was prepared from 91a on a 0.98 ramol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

91c Methyl (3R).2-{N.3.phenyipropy|.N^(2R)-l.ftrrt.butyioxycarbonyW. 
dihydroindoIe-2-carbonyl)-gIy^ 

This was prepared from 26a and 91b on a 0.98 mmol scale following the method 
described for Id. The product was isolated in 25% yield after flash chromatography on 
silica gel (eluant EtOAcmexane 40:60 v/v). 
Rf (EtOAc:hexane 40:60 v/v) 0. 17 

91d (3R)-2-{N-3-Phenyipropyl-NK<2RH-tert-l^ 
carbonyi)-gly(yl}-l^,4.tetrahydroisoquinoUne.3^arboxyUcadd. 

This was prepared from 91c on a 0.25 mmol scale following the method described for 
If. The product was isolated in 43% yield (65 mg) after flash chromatography on silica 
gel (eluantEtOAcmexane:AcOH 70:30:1 v/v/v). 
HPLC System A ^=20.1" >98% 
Mass spec (FAB) ra/e=598 [M+H]+ 
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EXAMPLE 92 




92d 92e 



92a Methyl N-benzyi-glyrinate. 

This was prepared from benzylamine on a 4.58 mraol scale following the method 
described for 32a. The product was isolated in 95% yield and used without further 
purification. 

92b Methyl N-benzyl-N-((2R)-l-/m-butyIoxycarbonyl-23-dihydroindoIe-2- 
carbonyD-giycinate. 

This was prepared from 92a and 48a on a 4.37 mmol scale following the method 
described for Id. The product was isolated in 65% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 40:60 v/v). 
Rf (EtOAcrhexane 40:60 v/v) 0.38 
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92c . N-BenzyI-N-((2R)- l.^/t-butyloxycarbonyI-23-dihydroindole-2-carbonyl)- 
glycine. 

This was prepared from 92b on a 1.43 mraoi scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

92d Methyl (3R)-2-{N-benzyI-N-((2R)-l^^ 
a^bonyi)-glycyl}-lA3,4-tetrahydroisoquinoline-3-acetate. 

This was prepared from 1c and 92c on a 1.43 mmol scale following the method 
described for Id. The product was isolated in 75% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 40:60 v/v). 
Rf (EtOAczhexane 40:60 v/v) 0.18 

92e (3R>2-{N-Benzyl-N-((2RM-*m-but 
(^bonyl)-gIycyl}.l^,4-tetrahydroisoquinoiine-3-aceticacid. 

This was prepared from 92d on a 1.07 mmol scale following the method described for 
If. The product was isolated in 59% yield (374 mg) after flash chromatography on silica 
gel (eluant EtOAc±exane:AcOH 65:35:1 v/v/v). 
HPLC System A t R =19.4' >95% 
Mass spec (FAB) m/e=584 [M+H]+ 



EXAMPLE 93 




93a 93b 

93a Methyl (3R)-2-{N-phenethyl-N-((2R)-l^m-butyloxycarbonyl«23^ydroindole- 
2-(^bonyl)-glycyl}-l^,4-tetrahydroisoquinoline-3-acetate- 

This was prepared from 1c and 90b on a 0.41 mmol scale following the method 
described for Id. The product was isolated in 83% yield after flash chromatography on 
silica gel (eluant EtOAcrhexane 35:65 v/v). 
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93b (3R)-2-{N-Phenethyl-N-((2R)-l-/m-butyloxycarbonyl-2J-dihydroindoIe-2- 
carbonyI)-gIy(^i}-I^3.4-teti^ydroisoquinoiine-3-aceticacid. 

This was prepared from 93a on a 0.34 mmoi scale following the method described for 
If. The product was isolated in 54% yield (110 mgj after flash chromatography on silica 
gel (eluant EtOAchexanerAcOH 40:60:2 v/v/v). 
HPLC System B 1^=15.0' >95% 
Mass spec (FAB) m/e=598 [M+H1+ 



EXAMPLE 94 




94a 94b 



94a Methyl (3R)-2-{N-3-Phenylpropyl-N.((2R).l-tert.butyloxycarbonyI-23- 
dihydroindoIe-2-carbonyI)-giycyl}-1.2^.4-tetrahydroisoquinoline-3-acetat£. 

This was prepared from Ic and 91b on a 0.98 mmol scale following the method 
described for Id. The product was isolated in 68% yield after flash chromatography on 
silica gel (eluant EtOAcdiexane 45:55 v/v). 
Rf (EtOAcrhexane 45:55 v/v) 0. 15 



94b (3R)-2-{N-3-Phenyipropyl-N-((2R)-l.tert.butyIoxycarbonyl-23-dihyciroindole-2- 
carbonyl)-gJy(^I}-1^3.4-teti^mydroisoqiiinoHne-3-aceticacid. 

This was prepared from 94a on a 0.67 mmol scale following the method described for 
If. The product was isolated in 55% yield (228 mg) after flash chromatography on silica 
gel (eluant EtOAcdiexane:AcOH 60:40: 1 v/v/v). 
HPLC System A ^=21.0' >98% 
Mass spec (FAB) m/e=6l 1 [M] + 
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EXAMPLE 95 

H 




95d 95e 



95a Methyl 3-phenethyIamino-propanoate. 

This was prepared from phenylacetaldehyde and {J-alanineOMe on a 2.25 ramol scale 
following the method described for 42a. The product was isolated in 40% yield after 
flash chromatography on silica gel (eiuant CHCtyMeOH: AcOH 35:2: 1 v/v/v). 

95b Methyl 3-{N-phenethyl-N-((2RM-te^bu 
carbonyl)-amino}-propanoate. 

This was prepared from 40a and 95a on a 0.92 mmol scale following the method 
described for Id. The product was isolated in 63% yield after flash chromatography on 
silica gel (eiuant EtOAcrhexane 25:75 v/v). 
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95c 3-{N-Phenethyl-N-((2R)-l./m-butyIoxycarbonyI.2J-dihydroindoIe-2-carbonyi>- 
amino }-propanoic acid. 

This was prepared from 95b on a 0.59 ramol scale following the method described for 
If. The product was isolated in 54% yield after flash chromatography on silica gel 
(eluant EtOAc±exane:AcOH 50:50:1 v/v/v). 
HPLC System A t R =15.9' >98% 
Mass spec (FAB) m/e=439 [M+H] + 

95d Methyl (3R)-2-{3-{N-phenethyl-N-((2R)-l-tert-butyloxycarbonyl-2^- 

dihydroindole-2-carbonyl)-andno}-propanoyl}-lJ3,4-tetrahydroisoquinoline-3- 

acetate. 

This was prepared from 26a and 95c on a 0.15 ramol scale following the method 
described for Id. The product was isolated in 100% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 60:40 v/v). 
Rf (EtOAcmexane 70:30 v/v) 0.38 

95e (3R)-2-{3-{N-Phenemyl-N<(2R)-l.tert.butyloxycarbonyl-23^imydroindole-2- 
carbonyl)-anrino}-propanoyi}-l^AtetFahydroisoquinoline-3-aceticacid. 

This was prepared from 95d on a 0.15 mmol scale following the method described for 
If. The product was isolated in 56% yield (50 mg) after flash chromatography on silica 
gel (eluant EtOAcAcOH 100:2 v/v). 
HPLC System A ^=19.3' >95% 
Mass spec (FAB) ra/e=598 [M+HJ+ 

EXAMPLE 96 




96a 96b 
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96a iMethyl(3R).2-{N-phenethyi-N^(2R)-l.benzyioxycari>onyl-23^imy£iroindole-2. 
carbonyl)-glycyi}-lJ23.4-tetrahydroisoquinoIine-3-acetate. 

This was prepared from 93a and benzyl chloroformaie on a 0.46 mmol scale following 
the method described for 81a. The product was isolated in 100% yield and used without 
further purification. 
Rf (EtOAc:peL ether 40:60 v/v) 0.17 

96b (3R>2^N-Phenethy|.N.((2R)4.ben2yloxy<^bony|.23-dihydroindole-2- 
carbonyl)-glycyl}-1^3<4-tetrahydroisoquinoline*3-aceticactd. 

This was prepared from 96a on a 0.46 mmol scale following die method described for 
If. The product was isolated in 67% yield ( 194 mg) after flash chromatography on silica 
gel (eluantEtOAcrpet ethenAcOH 55:45:1 v/v/v). 
HPLC System B ^=14.8' >98% 
Mass spec (FAB) m/e=441 [M+H-CmtJ+ 



EXAMPLE 97 




97a 97b 



97a Methyl (3R)-2-{N-phenethyl-N-((2R)-l-neopentyloxycarbonyl-2J- 

dihydroindole-2-carbonyl)-glycvl}-1^3,4-tetrahydroisoquinoline-3-acetate. 

This was prepared from 93a on a 0.46 mmol scale following the method described for 
81a. The product was isolated in 100% yield and used without further purification. 
Rf (EtOAc:peL ether 40:60 v/v) 0.21 

97b (3RV2-{N-Phenethyl-N-((2R)-l.neopent>'Io\Tcarbonyl-2J-<lihydroindole-2- 
carbonyl)-glycyl}-l A3,4-tetrahydroisoquinoline-3-acetic add. 

This was prepared from 97a on a 0.46 mmol scale following the method described for 
If. The product was isolated in 35% yield (101 mg) after flash chromatography on silica 
gel (eluant EtOAcrpet. ethenAcOH 50:50: 1 v/v/v). 
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HPLC System B ^=16.2' >90% 
Mass spec (FAB) m/e=612 [M+H1+ 

EXAMPLE 98 




98a 98b 



98a Methyl (3R)-2-{N-phenethyI-N-((2RM^dohe 

ddhydroindole-2-carbonyl)-glycyl}-l^,4-tetrahydroisoquinoIine-3-acetate. 

This was prepared from 93a on a 0.46 mmoi scale following the method described for 
82a. The product was isolated in 100% yield and used without further purification. 

98b (3R)-2-{N-Phenethyl-N-((2R)-l^ydohexyloxycarbonyI-23Hiihydroindole-2- 
c^bonyI)-giyc\'l}.1^3Atetrahydroisoquinoline-3-ace tic acid. 

This was prepared from 98a on a 0.46 mmol scale following the method described for 
If. The product was isolated in 25% yield (74 rag) after flash chromatography on silica 
gel (eluantEtOAcrpet. ether: AcOH 50:50:1 v/vAr). 
HPLC System B ^=17.6' >90% 
Mass spec (FAB) m/e=624 [M+H]+ 
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EXAMPLE 99 



a 




99a 3-Chlorophenylacetaldehyde. 

This was prepared from 3-chlorophenethyl alcohol on a 9.58 mmol scale using the 
standard Swem oxidation conditions (A.J. Mancuso et al, J.Org.Chenu, 43, 2480. 1978). 
The product was used without purification assuming a yield of 100%. 



99b Methyl N-3-chIorophenethyl-glycinate. 

This was prepared from 99a on a 9.58 mmol scale following the method described for 
42a. The product was isolated in 5.5% yield after flash chromatography on silica gel 
(eluant EtOAcrhexane 80:20 v/v). 
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99c Methyl N-3-cMorophenethy!-N-((2R)-l-^ 
2-carbonyl)-gIycinate. 

This was prepared from 99b and 48a on a 0.50 mmol scale following the method 
described for Id. The product was isolated in 47% yield after flash chromatography on 
silica gel (eluant EtOAcrhexane 35:65 v/v). 
Rf (EtOAcrhexane 40:60 v/v) 0.29 

99d N-3-Chlorophenetoyl-N-((2R)-l-^ 
carbonyO-glycine. 

This was prepared from 99c on a 0.24 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

99e Methyl (3R)-2-{N-3-cMorophene^ 
dihydromdoIe-2-carbonyl)-^ 

This was prepared from 1c and 99d on a 0.12 mmol scale following the method 
described for Id. The product was isolated in 23% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 45:55 v/v). 
Rf (EtOAcrhexane 50:50 v/v) 0.25 

99f (3R)-2-{N-3-CMorophenethyl-N^^ 
dihydroindole-2-carbonyI)-gty^ 

This was prepared from 99e on a 0.028 mmol scale following the method described for 
It The product was isolated in 71% yield (12 mg) after flash chromatography on silica 
gel (eluant EtOAc:hexane:AcOH 65:35:2 v/v/v). 
HPLC System A ^=22.0' >80% 
Mass spec (FAB) ra/e=632 [M+H] + 
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EXAMPLE 100 





100a Methyl N-(2-oxo-2-phenylethyJ)-g|ycinate. 

This was prepared from 2 , -aminoacetophenone hydrochloride on a 11.6 mmol scale 
following the method described for 32a The product was isolated in 83% yield after 
flash chromatography on silica gel (eluant EtOAc:pet.ether 90: 10). 
*H NMR 5 3.56 (2H,s); 3.70 (3Iis); 4.20 (2H.S); 7.4-7.6 (3Hjn); 7.9-8.0 (2Rm> 

100b Methyl N-<2.oxo-2.phenylethyl)-N-((2R)-l.tert.butyIoxycarbonyl.2 > 3- 
dihydroindoIe-2-carbonyI)-glycinate. 

This was prepared from 100a and 48a on a 0.97 mmol scale following the method 
described for Id. The product was isolated in 62% yield after flash chromatography on 
silica gel (eluant EtOAc:peL ether 35:65 v/v). 
Rf (EtOAcrpeL ether 35:65 v/v) 0.31 
l H NMR 8 1.56 (9H.2s); 3.74.(3H,2s) 
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100c N-(2-Oxo-2.phenylemyl)-N.((2RM-tert-butyi^^ 
carbonyO-glycine. 

This was prepared from 100b on a 0.61 mmoi scale following the method described for 
If. The product was isolated in 84% yield and used without further purification. 

lOOd Methyl (3R)-2-{N-(2-oxo-2-phenylethyl>N-((2R)-l-tert-butyIoxycarbonyI-2J- 
dihydroindole-2-carbonyl)-gly(^l}-l^^,4-tetrahydroisoquinoline-3-acetate. 

This was prepared from lc and 100c on a 0.52 mmoi scale following the method 
described for Id. The product was isolated in 49% yield after flash chromatography on 
silica gel (eluantEtOAc:pet. ether: AcOH 40:60:1 v/v/v). 
X H NMR 5 1.56 (9Ii3s); 3.55 (3H,2s) 

lOOe (3R)-2-{N.(2-Oxo-2-phenylethyl)-N-((2R)-l-te/*-butyloxycarbonyl-2J. 
dihydroindole-2-(^bonyl).glycyI}-1^3AtetrahydroiscHiuinoline-3-aceticadd 

This was prepared from lOOd on a 0.26 mmoi scale following the method described for 
If. The product was isolated in 71% yield (113 mg) after flash chromatography on silica 
gel (eluant EtOAc:pei ethenAcOH 7030:1 v/v/v). 
HPLC System B t R =13.4* >98% 
Mass spec (FAB) m/e=612 [M+HJ+ 
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EXAMPLE 101 

H 



101a 




101a Methyl N-<2-(3-IndoryI)ethyl).glycinate. 

This was prepared from tryptamine hydrochloride on a 5.0 ramol scale following the 
method described for 32a. The product was used without purification, assumine a tfeld . 
of 100%. 



101b Methyl N^2.(3-Indolyl)ethyl)-N.((2R).l.te/r.butyloxycarbonvl-Z3. 
dihydroindoIe-2-carbonyl)-glycinate. 

This was prepared from 101a and 48a on a 1.0 mmol scale foUowing the method 
described for Id. The product was isolated in 44% yield after flash chromatography on 
silica gel (eluant EtOAcrpet. ethenAcOH 50:50:2 v/v/v). 
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101c N-(2-(3-IndolyI)ethyl)-N-((2R)-l-/m-butyioxycarbonyi-2.3-dihydroindoIe-2- 
carbonyl)-giycine. 

This was prepared from 101b on a 0.44 raraol scale following the method described for 
If. The product was isolated in 40% yield after flash chromatography on silica gel 
(eluant EtOAcrpet. ethenAcOH 50:50:2 v/v/v). 
HPLC System A t R =10.5' >99% 
Mass spec (FAB) m/e=464 [M+H] + 

lOld Methyl (3R)-2-{N-(2.(3-indolyl)ettyl).N-OT 
dihydroindoIe-2-carbonyl)-glycyl}-l v 2^,4-tetrahydroisoquinoline-3-acetate. 

This was prepared from lc and lOld on a 0.08 ramoi scale following the method 
described for Id. The product was isolated in 1007c yield after flash chromatography on 
silica gel (eluant EtOAcihexane 55:45 v/v). 
Rf (EtOAcmexane 55:45 v/v) 0.30 

lOle (3R)-2.{N-(2.(3-fadolyI)ethyl).^ 

dihydroindole-2-carbonyl)-glycyl}-l^J,4-tetrahydroisoquinoline-3-aceticacid. 

This was prepared from lOld on a 0.08 mmol scale following the method described for 
If. The product was isolated in 56% yield (28 mgj after flash chromatography on silica 
gel (eluant EtOAcmexane:AcOH 70:30:2 v/v/v). 
HPLC System A t R =!8.2' >95% 
Mass spec (FAB) m/e=659 [M+Na] + 



EXAMPLE 102 




o^co 



84b + 90b 
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102a Methyl (3R)-2.{N.phenethy|.N.((2R).l-teiT.butyloxycarbonyl.23. 

dihydroindole-2.<^bonyl). g lycyl}.U,3.4.te^^ 

carboxylate. 

This was prepared from 90b and 84b on a 0.46 mmol scale following the method 
described for Id. The product was isolated in 69% yield after flash chromatography on 
silica gel (eluant EtOAc:pet ether 40:60 v/v). 

102b (3R)-2-{N-Phenethyl.N-((2R).l^ 
carbonyl).glycylM4A4-teti^ydr^ 

This was prepared from 102a on a 0.32 mmol scale following the method described for 
If. The product was isolated in 68% yield (138 mg) after flash chromatography on silica 
gel (eluant EtOAcrpeL ethenAcOH 60:40:2 v/v/v). 
HPLC System A t R =22.1' >98% 
Mass spec (FAB) m/e=634 [M+H]+ 



EXAMPLE 103 




103a 103b 



103a Methyl (3R)-2.{N.phenethyl.N.((2R).l.te/t.butyloxycarbonyl.2J. 
dlhydroindole-2-carbonyl)-glycyl}-l^ 

This was prepared from 90b and 85c on a 0.48 mmol scale following the method 
described for Id. The product was isolated in 85% yield after Hash chromatography on 
silica gel (eluant EtOAc:pet ether 40:60 v/v). 

103b (3R)-2-{N-Phenethyl-N.((2R).l./eit.butyloxycarbonyl-23HUhydroindole-2. 
carbonyD-glycylM A3,4-tetrahydro-benz[/]isoquinoline-3-acetic add. 

This was prepared from 103a on a 0.41 mmol scale following the method described for 
If. The product was isolated in 74% yield ( 196 mg) after flash chromatography on silica 
gel (eluant EtOAc:pet ethenAcOH 55:45:2 v/v/v). 
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HPLC System A 1^=22.4' >98% 
Mass spec (FAB) m/e=648 [M+H1+ 



EXAMPLE 104 




104e 104t 



104a Methyl (2R)-l-te/r-butyIoxycarbonyI-23-dihydroindoIe-2-carboxylate. 

To a stirred solution of 48a (1.05 g, 4 ramol) and 4-aMetbylaminopyridine (50 mg, 0.4 
mmol) in OfrCh (20 mL) and MeOH (10 mL) was added WSCD.HC1 (1.54 g, 8 mmol). 
The mixture was stirred at room temperature for 3 hrs. and then concentrated in vacuo. 
The residue was partitioned between EtOAc and PfrO, and the organic phase was washed 
with 10% KHSO^satd. KHCO3 and brine, filtered (Whatman R IPS phase separator), and 
concentrated in vacuo to give the tide compound (0.89 g, 80%) as an oil which was used 
without further purification. 
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104b Methyl N-((2RM-/m*utyloxycarbo^ 

This was prepared from 104a and GlyOMe on a 3.2 mmoi scale followine the method 
described tor 31a. The product was isolated in 33% yield after tlash chromatography on 
silica gel (eluant EtOAc:hexane 20:80 then 40:60 v/v). 
Rf (EtOAc:hexane 25:75 v/v) 0.08 

104c Methyl N.pivaloy|.N«2RM^ 
methyO-glycinate. 

To an ice-cold stirred solution of 104b (70 mg. 0.22 mmol) and diisopropylemyiamine 
(0.15 mL. 0.9 mmol) in CH 2 C1 2 (10 raL) was added pivaloyl chloride (80 mL 0 66 
mmol). The mixture was stirred at 0<>C for 2 hrs. and then concentrated in vacuo The 
residue was partitioned between EtOAc and H 2 0. and the organic phase was washed with 
10% KHS0 4 . satd. KHCO3 and brine, filtered (Whatman* IPS phase separator) and 
concentrated in vacuo. The residue was purified by flash chromatography on silica *el 
(eluant EtOAchexane 40:60 v/v) to give the title compound (67 rag, 75%). 
Rf (EtOAc:hexane 50:50 v/v) 0.34 

104d N -P**oy|.N-((2R).^ 

glycine. ' 

This was prepared from 104c on a 0. 17 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

104e Methyl <3RWN.pivaloyl^^ 

2.methyl)- g lycyl}.l^,4.tetrahydroisoquinoline-3.acetate. 

This was prepared from 104d and 1c on a 0.17 mmol scale following the method 
described for 1<L The product was isolated in 65% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 40:60 v/v). 
Rf (EtOAchexane 50:50 v/v) 0.25 

104f GR>-2-{N.Hvaloyl^^ 

methyl)-glycylMA3,4.tetrahydroisoqiiinoUne-3.aceticadd. 

This was prepared from 104e on a 0. 1 1 mmol scale following the method described for 
If. The product was isolated in 50% yield (31 rag) after tlash chromatography on silica 
gel (eluant EtOAcmexane:AcOH 60:40: 1 v/v/v). 
HPLC System A ^=18.0' >98% 
Mass spec (FAB) m/e=564 (M+HJ+ 
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EXAMPLE 105 




105c 105d 
105a 3-(Benzyloxycarbonylamino>-imphthalene-2-€arboxylic add* 



To a stirred suspension of 3-aminonaphthalene-2-carboxyiic acid (4.22 g, 22.5 mmol) in 
H2O (37.5 mL) was added 5ft NaOH (4.95 mL. 24.8 mmol). The resulting solution was 
cooled in ice then treated alternately with benzyl chloroformate (4 mL, 28.3 mmol) and 
2N NaOH (14 mU 28 mmol) in live equal portions. Acetonitrile (50 mL) was added and 
the mixture was stirred at room temperature overnight then concentrated in vacuo. The 
residue was partitioned between EtOAc and 0.3M KHSO4, and the organic phase was 
washed with 0.3Af KHS04, ffcO and brine, filtered (Whatman 11 IPS phase separator), and 
concentrated in vacuo. The residue was purified by recrystallisation from acetonitrile to 
give the tide compound (3.09 g, 42%*). 

105b Methyl (3R)-2-{3-(benzyIoxycarbonyia^ 
tetrahydroisoquinoline-3-acetate. 

This was prepared from 105a and 1c on a 0.78 mmol scale following the method 
described for Id. The product was isolated in 76% yield after flash chromatography on 
silica gel (eluantEtOAcrpet ether 35:65 v/v). 
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105c Methyl (3R)-2.{3.((2R).l.tert.butyloxycarbony|.2J.dihy<lroindole.2. 
carbonylainino)-raphttalen*^ 

This was prepared from 105b and lc on a 0.59 ramol scale following the method 
described for Id. The starting material 105b was deprotected prior to coupling by 
catalytic hydrogenolysis over 5% Pd-on-C in 1% v/v AcOH/MeOH as solvent for 90 min. 
The product was isolated in 66% yield after flash chromatography on silica gel (eluant 
EtOAcipet ether 40:60 v/v). 

105d (3R)-2-{3-((2RM./ei*.Butylox^^ 

naphthalene-2-carbonyl}-U^,4-tetrahydroisoquinoline-3-acetic add. 

This was prepared from 105c on a 0.39 ramol scale following the method described for 
If. The product was isolated in 52% yield (123 mg) after flash chromatography on silica 
gel feluant EtOAcrpeL ethenAcOH 50:50:2 v/v/v). 
HPLC System B t R =I4.2' >95% 

Mass spec (FAB) ra/e=606 [M+H]+ 



EXAMPLE 106 
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106a Methyl (3R)-2-{3-(benzyloxycarbonyiamino)-napiithaIene-2.carbonyl}-1^3.4- 
tetrahydroisoquinoline-3-carboxylate. 

This was prepared from 105a and 26a on a 1.22 raraol scale following the method 
described for Id. The product was isolated in 64% yield after flash chromatography on 
silica gel (eluant EtOAc:peL ether 30:70 v/v). 

106b Methyl (3R).2-{3.((2R)-l-«?rt-buty!oxycarbonyl-2,3-dihydroindole.2- 

carbonyianiino)-iuiphthaIene-2-carbo 

carboxylate. 

This was prepared from 106a and 48a on a 0.78 mmol scale following the method 
described for 105c. The product was isolated in 47% yield after flash chromatography on 
silica gel (eluant EtOAcrpet ether 30:70 v/v). 

106c (3R)-2-{3-((2R)-l^rt-Butyloxycarbonyl-2J.^ 
naphthalene-2H^bonyl}-l^,4-tetrahydroisoquinoline-3-carboxyUcadd. 

This was prepared from 106b on a 0.38 mmol scale following the method described for 
If. The product was isolated in 70% yield (159 mg) after flash chromatography on silica 
gel (eluant EtOAcipet. ethenAcOH 70:30:1 v/v/v). 
HPLC System B feaRl' >95% 
Mass spec (FAB) ra/e=592 [M+H] + 
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EXAMPLE 107 




107a Methyl (3R).2-{(2R)-l.ben2yloxycarbonyl^phenyl.23^itoydn»pyrrole-2. 
carbonyI}-lJ!3,4-tetrahydroisoquino]ine-3.acetatc. 

This was prepared from lc on a 1.3 mmol scale following the method described for Id 
using (2R)-l-beiJzyloxycaroonyl^plienyl.2^^ydropynole-2^arboxyHc acid (J. 
Krapcho et al, JMedChenu, 31. 1148, 1988) instead of N-BOC-O-benzyl-threonine. 
The product was isolated in 48% yield after flash chromatography on silica gel (eluant 
EtOAc:hexane 55:45 v/v) 

107b Methyl <3R).2-{(2R)-l.((2RM.tert-butyto^ 

carbonyi)^phenyI-2^-d]hydn>pYiTole-2-^ 

3-acetate. 

This was prepared from 107a and 48a on a 0.63 mmol scale following the method 
described for Id. The starting material 107a was deprotected prior to coupling by 
treatment with 45% HBr in AcOH for 90 min. The product was isolated in 27% yield 
after flash chromatography on silica gel (eluant EtOAcrhexane 30:70 v/v). 
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107c (3R)-2-{(2R)-l-((2R)- l-tert-ButyIoxycarbonyI-23^!ihydroindoIe-2-carlJonyl)-4- 
phenyl-2.5-dihydropyrrole-2-carbonyI}- i.23.4-tetrahydroisoquinoline-3-acetic add. 

This was prepared from 107b on a 0.17 mmol scale following the method described for 
If. The product was isolated in 40% yield (41 mg) after flash chromatography on silica 
gel (eluantEtOAc:hexane:AcOH 40:60:2 v/v/v). 
HPLC System B t R =l4.4' >95% 
Mass spec (FAB) m/e=508 [M+H] + 



EXAMPLE 108 




108a Methyl (2R5S)-l-/e/t-butyioxycarbonyI-5*phenyi-pyrroIidine-2-carboxylate. 

This was prepared from 67b on a 1.0 mmol scale following the method described for' 
104a. The product was used without purification, assuming a yield of 100%. 

108b Methyl (3R)-2-{(2R^S)-l-fert-butyloxycarbonyI-5-phenyl-pyrroUdine-2- 
methylj-lA3 t 4-tetrahydroisoquinoIine>3-carboxylate. 

This was prepared from 108a and 26a on a 1.0 mmol scale following the method 
described for 31a. The intermediate aldehyde was isolated in 58% yield after flash 
chromatography on silica gel (eluant EtOAc:pet ether 20:80 v/v). The product was 
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isolated in 50% yield {based on a 0.58 mmol scale for the second part of the preparation) 
after flash chromatography on silica gel (eluant EtOAcrpeL ether 20:80 v/vj. 

108c Methyl (3R)-2-{(2R5S).l-((2RM-/m.butyioxycarbo^ 

carbonyl).5-phenyl-pyrrolidine-2-^^ 

carboxylate. 

This was prepared from 108b and 48a on a 0.29 mmol scale following the method 
described for Id. The starting material 107a was deprotected prior to coupling by 
treatment with 4N HC1 in dioxan for 90 min. The product was isolated in 93% yield after 
flash chromatography on silica gel (eluant EtOAcrpeL ether 35:65 v/v). 

108d (3RW(2R£S).l-((2RM-/ert-^^ 

carbonyl)-5-phenyl-pyiToli^^ 

carboxylic acid. 

This was prepared from 108c on a 0.27 mmol scale following the method described for 
If. The product was isolated in 71% yield (111 mg) after flash chromatography on silica 
gel (eluant CHCl3:MeOH:AcOH 100:3:2 v/v/v). 
HPLC System A ^=18.2' >99% 
Mass spec (FAB) m/e«582 [M+H] + 




109a (2R)-l./m-Butyloxycarbonyi-2 J.dihydroindole^2-ac€tic add. 

This was prepared from 50a on a 0.2S mmol scale following the method described for 
If. The product was used without further purification, assuming a yield of 100%. 

109b Methyl (3R)-2-{(2S)-2-((2R)-l-/e/t-bu^^^ 
acetylanuno^phenylbutanoylJ-l^^tetrahydroisoquinoUne^S-acetate, 

This was prepared from 13a and 109a on a 0.25 mmol scale following the method 
described for 32d. The product was isolated in 90% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane:AcOH 25:75:2 v/v/v). 

109c (3R)-2-{(2S 

4-phenylbutanoyI}-l^»4-tetrahydroisoquinoline-3-aceticacid. 

This was prepared from 109b on a 0.22 mmol scale following the method described for 
If. The product was isolated in 80% yield (109 mg) after flash chromatography on silica 
gel (eluant EtOAc±exane:AcOH 40:60:2 v/v/v). 
HPLC System B t R -15.2 f >98% 
Mass spec (FAB) m/e=6 12 [M+HJ+ 
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EXAMPLE 110 




H 




OH 



110a 



H 



s^ CH 3 
CH 3 




,N 



H 




CH 3 



110b 



110al.{terr-Butyloxycarbonyl-leucyl}.23^iihydroindole. 

To an ice-cold stilted solution of BOC-Leu (4.62 g, 20 mmol) and pemafluorophenol 
(4.42 g, 24 mmol) in CH 2 C1 2 (100 mL) was added WSCD.HQ (7.65 g. 40 mmol). The 
mixture was stirred at 0°C for 1 nr., then indoline (4.0 mL, 36 mmol) and 4- 
d^emylaminopyridine were added and the mixture was stirred at room temperature for 4 
days then concentrated in vacuo. The residue was partitioned between EtOAc and 0.3M 
KHSO4, and the organic phase was washed with 0.3M KHSO4, H 2 0 and brine, filtered 
(Whatman* IPS phase separator), and concentrated in vacuo. The residue was purified 
by flash chromatography on silica gel (eluant EtOAcpet. ether 10:90 v/v) to give the tide 
product (3.41 g, 51%). 

110bl-{/erf-Butyloxycarbonyl.ti7ptophanyMeucyl}.23^ydroindole. 

This was prepared from 110a on a 1.08 mmol scale following the method described for 
32d using BOC-Trp instead of indoleacedc acid. The product was isolated in 79% yield 
(445 mg) after flash chromatography on silica gel (eluant EtOAc.-pet. ether 30:70 then 
50:50 v/v). 

HPLC System A ^=17.5' >95% 

AAA Peptide content=99% 

Mass spec (FAB ) m/e=519 [M+H1+ 
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EXAMPLE 111 




Ilia l-{(2S)-2-(^-Butyloxycarbonylamino)-hexanoyl}-2^.diIiydroindole. 

This was prepared from BOC-aminohexanoic acid on a 8.4 mmol scale following the 
method described for 110a. The product was isolated in 100% yield after flash 
chromatography on silica gel (eluant EtOAc:hexane 40:60 v/v). 

111b l-{(2S)-2-(tert-Butyloxy(arbonyl-ti7ptophanyIaniino)-hexanoyl}-2^- 
dihydroindole. 

This was prepared from 111a on a 0.88 mmol scale following the method described for 
32d using BOC-Trp instead of indoleacetic acid. The product was isolated in 66% yield 
(300 mg) after flash chromatography on silica gel (eluant EtOAc:hexane:AcOH 40:60:2 
v/v/v). 

HPLC System A t R =14.8* >99% 

AAA Peptide content=93% 

Mass spec (FAB) m/e=519 [M+H] + 

EXAMPLE 112 



111a 




112 
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1 12 !-{(2S)-2-(3-IndoIe-3-propanoylainino).hexanoyl}-23.dihydroindole. 

This was prepared from 111a on a 0.63 mraoi scale following the method described for 
32d using 3-indole-3-propanoic acid instead of indoleacedc acid. The product was 
isolated in 96% yield (244 rag) utter Hash chromatography on silica gel (eluant 
EtOAc:hexane:AcOH 30:70:2 then 40:60:2 v/v/v). 
HPLC System A ^=1 1.6' >95% 
AAA Peptide content=88% 
Mass spec (FAB) m/e=404 [M+H]+ 



EXAMPLE 113 



H 



H 3 C y°V N 




H 3 c vV N 



113a 




113b 



113a l-{te/r.Butyloxycarbonyl.phenylalanyl}.2jKlihydroindole. 

This was prepared from BOC-Phe on a 0.75 mmol scale following the method Scribed 
for 110a. The product was isolated in 60% yield after flash chromatography on silica gel 
(eluant EtOAcrpet. ether 20:80 v/v). 



"3bl-{/m-Butyloxycarbonyl-tiyptoph^^ 

This was prepared from 113a on a 0.45 mmol scale following the method described for 
32d using BOC-Trp instead of indoleacetic acid. The product was isolated in 61% yield 
( 152 mg) after flash chromatography on silica gel (eluant EtOAc:peL ether 50:50 v/v). 
HPLC System A ^=18.9' >95% 
AAA Peptide cohtent=90% 
Mass spec (FAB) ra/e=553 [M+H]+ 
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EXAMPLE 114 



H ?H 



H 3 C CH3O 




H 3 C CEI3O 





114a 



114b 



114a l-{(2S)-2-(/m-Butylo\yc^ 

This was prepared from BOC-homophenylalanine on a 2.25 mmoi scale following the 
method described for 110a. The product was isolated in 64% yield after flash 
chromatography on silica gel (eiuant EtOAcrpeL ether 18:82 v/v). 

114b M(2S)*2-(fert-ButyIoxycarbony 
dihydroindole* 

This was prepared from 114a on a 0.48 mmoi scale following the method described for 
32d using BOC-Trp instead of indoleacetic acid. The product was isolated in 73% yield 
(197 mg) after flash chromatography on silica gel (eiuant EtOAcrpeL ether 50:50 v/v). 
HPLC System A t R =20.2' >98% 
AAA Peptide content=*l00% 
Mass spec (FAB) m/e=567 [M+H1+ 



EXAMPLE 115 





115a 



115b 
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1 15a Mtert-ButyIoxycarbonyl-(p-0-te^ 

This was prepared from BOC-D-Asp(OBzl)OH on a 4.0 mmol scale following the 
method described for 110a. The product was isolated in 72% yield alter Hash 
chromatography on silica gel (eluant EtOAcpet. ether 20:80 v/v). 

115b Mtert-Butyloxycarbonyl-tryptopl^^ 
dihydroindole. 

This was prepared from 115a on a 1.18 mmol scale following the method described for 
32d using BOC-Trp instead of indoleacetic acid. The product was isolated in 45% yield 
(325 mg) after flash chromatography on silica gel (eluant EtOAcrpeL ether 40:60 v/v). 
HPLC System A ^=17.2' >99% 
AAA Peptide contents^ % 
Mass spec (FAB) m/e=611 [M+H]+ 



EXAMPLE 116 




116b 
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I16a l-{^/T-Butyloxycarbonyi-(p-0-benzyl)-aspai^l}.2J-dihydr^^ 

This was prepared from BOC-AspiOBzl)OH on a 4.0 mmol scale following the method 
described for 110a. The product was isolated in 57% yield after flash chromatography on 
silica gel (eluant EtOAc:peL ether 20:80 v/v). 

116b l*{te/t-ButyIoxycarbonyI-tryptophanyI-(P-0-benzyl)-aspartyi}-23- 
dihydroindole. 

This was prepared from 116a on a 1.18 mmol scale following the method described for 
32d using BOC-Trp instead of indoleacetic acid. The product was isolated in 55% yield 
after flash chromatography on silica gel (eluant EtOAc:peL ether 40:60 v/v). 

116c l-{te/?-Butyloxycarbonyi-tryptophany 

This was prepared from 116b on a 0.32 mmol scale following the method described for 
If. The product was isolated in 73% yield ( 122 mg) without purification. 
HPLC System A t R =8.5' >99% 
AAA Pepdde content=91% 
Mass spec (FAB) m/e=521 [M+H] + 




117al-{/crr-ButyIoxycarbonyl-(y-0-benzyl)-glutamyI}.2^-dihydroindole, 

This was prepared from BOC-Glu(OBzl)OH on a 4.0 mmol scale following the method 
described for 110a. The product was isolated in 45% yield after flash chromatography on 
silica gel (eluant EtOAcipet. ether 20:80 v/v). 
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117b Mte/T-Butyio^carbonyl-tiTptophanyM^^ 
dihydroindole. 

This was prepared from 117a on a 1.18 ramol scale Mowing the method described for 
32d using BOC-Trp instead of indoleacetic acid. The product was isolated in 59% yield 
(437 mg) after flash chromatography on silica gel (eluant EtOAcipet ether 40:60 v/v). 
HPLC System A t R =17.9' >99% 
AAA Peptide contem=94% 
Mass spec (FAB) m/es625 \M+H\-*- 



1181Mtert-Butyloxycarbony|.tJ7ptophanyl^utainyl}.23-dihydroindole. 

This was prepared from 117b on a 0.35 mmol scale following the method described for 
If. The product was isolated in 70% yield (132 mg) after flash chromatography on silica 
gel (eluant EtOAc then EtOAcAcOH 100:1 v/v). 
HPLC System A t R =9.1* >98% 
AAA Pepdde content=87% 
Mass spec (FAB) m/e=535 [M+H]+ 



EXAMPLE 118 




117b 



118 
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EXAMPLE 119 



H 



H 3 C y°V N 




H N 



119a 





119b 



119a2-{/ert-Butylo\7carbonyl-D-phenyialanyl}-l,23,4-tetrahydroisoqiiinoiine. 

This was prepared from BOC-D-Phe and tetrahydroisoquinoline on a 0.75 mraol scale 
following the method described for 110a. The product was isolated in 77% yield after 
flash chromatography on silica gel (eluant EtOAcrpet. ether 25:75 v/v). 

119b 2-{/ert.Butylox7carbonyl-tryptophanyl-D-phenyIa]anyl}-l^ ? 3,4- 
tetrahydroisoquinoline. 

This was prepared from 119a on a 0.58 mraol scale following the method described for 
32d using BOC-Trp instead of indoleacedc acid. The product was isolated in 72% yield 
(237 mg) after flash chromatography on silica gel (eluant EtOAcrpet. ether 50:50 v/v). 
HPLC System A t R =18.3" >98% 
AAA Peptide content=84% 
Mass spec (FAB) ra/e=567 [M+HJ+ 



EXAMPLE 120 



H OH 



H 3 C CH 3 Q 




H N 



H 3 C CH 3 Q 



120a 





120b 
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120a 2-{(2R)-2-(fert-Butyloxycarbonyla^ 
tetrahydroisoquinoline. 

This was prepared from BOC-D-homophenylalanine and tetrahydroisoquinoline on a 
0.72 mraol scale following the method described for 110a. The product was isolated in 
85% yield and used without further purification. 

120b 2-{(2R)-2-(*e/t-Butyloxycarbonyl-tiypto^ 
12^,4- tetrahydroisoquinoline* 

This was prepared from 120a on a 0.67 mmol scale following the method described for 
32d using BOC-Trp instead of indoleacetic acid. The product was isolated in 69% yield 
(270 mg) after flash chromatography on silica gel (eluant EtOAc:hexane:AcOH 50:50:2 
v/v/v). 

HPLC System A t R =16.3' >99% 
AAA Peptide content=97% 

EXAMPLE 121 




121c 



121d 
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121a Methyl (2RM-{tert-butyIoxycarbonyW^ 

This was prepared from BOC-Leu and 50b on a 0.6 ramolscale following the method 
described for Id. The product was isolated in 38% yield after flash chromatoaraphy on 
silica gel (eluant EtOAc:hexane 14:86 v/v). 

121b Methyl (2R)-l-{/eir-butyloxycarbo^ 
2-acetate. 

This was prepared from 121a on a 0.67 mmol scale following the method described for 
32d using BOC-Trp instead of indoieacedc acid. The product was isolated in 94% yield 
after flash chromatography on silica gel (eluant EtOAcrhexanecAcOH 35:65:2 v/v/v). 

I21c (2R>-Mtert.BuWoxycarbon^ 
add. 

This was prepared from 121b on a 0.16 mmol scale following the method described for 
If. The product was isolated in 85% yield and used without further purification. 

121d Ethyl (2RM-{/m-butyloxycarbony^ 
acetate. 

This was prepared from I21c on a 0.12 mmol scale following the method described for 
104a using EtOH instead of MeOH. The product was isolated in 82% yield (60 mg) after 
flash chromatography on silica gel (eluant EtOAc:hexane 35:65 v/v). 
HPLC System B t R =l7.3' >98% 
AAA Peptide coment=86% 
Mass spec (FAB) ra/e=605 [M+H] + 
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EXAMPLE 122 




122a Ethyl (2RS)-23-dihydroindoIe-2-carboxylate hydrochloride. 

This was prepared from (RS)-indoline-2-carboxylic acid on a 5.0 mmol scale following 
the method described for 26a using EtOH instead of MeOH. The product was isolated in 
96% yield and used without further purification. 

122b Ethyl (2RS)-l-{(2S)-2-(te/t-butyloxycarbonylamino).hexanoyl}-23- 
dihydroindole-2-carboxylate. 

This was prepared from 122a and BOC-aminohexanoic acid on a 6.0 mmol scale 
following the method described for Id. The product was isolated in 62% yield after flash 
chromatography on silica gel (eluant EtOAc:hexane 25:75 v/v). 

122c Ethyl (2S)-l-{(2S)-2-(/ert-butyloxycarbonyl-tryptophanylandno)-hexanoy 
dihydroindoIe-2-carboxylate. 

This was prepared from 122b on a 1.88 mmol scale following the method described for 
32d using BOC-Trp instead of indoieacetic acid. The product was isolated in 20% yield 
(220 mg) after flash chromatography on silica gel (eluant EtOAc:hexane:AcOH 28:72:2 
v/v/v). The {2R)-indoline epimer was separated at this stage (43% yield). 
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HPLC System B t R =16.6' >98% 

AAA Peptide content=90% 

Mass spec (FAB) m/e=591 {M+H]+ 

EXAMPLE 123 



50b 



123a 




,CH 3 




.CH 3 



123b 




123c 



(2R).l-{/ert-butyioxycarbonyl-phenylaIanyl}-2^^IihydroindoIe.2. 



123a Methyl 
acetate. 

This was prepared from BOC-Phe and 50b on a 052 mmol scale following the method 
described for Id. The product was isolated in 45% yield after Hash chromatography on 
silica gel (eluant EtOAcrpeL ether 15:85 v/v). 

123b Methyl (2R)-l-{indole-2-carbonyI-pte^ 

The compound 123a was deprotected on a 0.23 mmol scale followina the method 
described for lc to give methyl (2R).l-phenylalanyl-23-dihydroindole-2-acetate 
hydrochloride which was then treated with indole-2-carbonyl chloride in the following 
manner. 

To a stirred suspension of indole-2-carboxyIic acid chcyclohexyiamine salt (103 mg, 
OJOmraol) in CH 2 C1 2 (15 mL) wasadded pyridine (32.3 nL. 0.4 mmol) and then SOCb 
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(180 fiL of 2M solution in OhCb, 0.36 mmoi). The mixture was stirred at room 
temperature for 1 min., then the methyl (2R)-I-phenylalanyl-23-dihydroindole-2-acetate 
hydrochloride and 4-diraethylaminopyridine ((25 mg, 0.21 mmol) were added. The 
mixture was stirred at room temperature for 2 hr. and then concentrated in vacuo. The 
residue was partitioned between EtOAc and fhO. and the organic phase was washed with 
10% KHSO4, satd. KHCO3 and brine, filtered (Whatman* IPS phase separator), and 
concentrated in vacuo. The residue was purified by flash chromatography on silica gel 
(eluant EtOAcipet. ether 20:80 v/v) to give the dde compound (32 rag, 28%). 

123c (2R)- 1 •{ Indole-2-carbonyl-pheny laJanyl }-2J-dihydroindole-2-acetic add. 
This was prepared from 123b on a 0.066 mmol scale following the method described for 

If. The product was isolated in 90% yield (28 mg) without purification. 
HPLC System B t R =9.9' >90% 
Mass spec (FAB) m/e=468 [M+HJ+ 

EXAMPLE 124 




124b 124c 
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124a Methyl (2R)-l-{(2S)-2-frm-butyioxycarbo 
dihydroindoIe-2-acetate. 

This was prepared from BOC-homophenyialanine and racemic 50b on a 5.0 mmol scale 
following the method described for Id. The product was isolated in 14% yield after flash 
chromatography on silica gel (eluant EtOAc:peL ether 18:82 v/v) together with the t2R)- 
indoline epimer (isolated in 22% yield). 

124b Methyl (2RH-{(2S)-2-(indole-2-carbo^ 
dihydroindoIe-2-acetate. 

This was prepared from 124a on a 0,34 mmol scale following the method described for 
123b. The semi-purified product was isolated in 100% yield after flash chromatography 
on silica gel (eluant EtOAc:peL ethenAcOH 35:65:2 v/v/v). 

124c (2R)-l-{(2S)-2-(Indole-2-carbon 
2-aceticatid. 

This was prepared from 124b on a 0.34 mmol scale following the method described for 
If. The product was isolated in 63% yield (196 mg) after flash chromatography on silica 
gel (eluant EtOAczpet. ethenAcOH 45:55:2 v/v/v). 
HPLC System A t R =14.8'>95% 
Mass spec (FAB) m/e=482 [M+H1+ 
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EXAMPLE 125 




125e 125f 

125a (2R).l-fe/t.Butyloxycarbony|.2J.dihydroindole-2-acetic acid. 

This was prepared from 50a on a 3.4 ramol scale following the method described for If. 
The product was used without purification, assuming a yield of 100%. 



125b Methyl 3.{(2R)-l.tert.butyloxycarbonyl.2J^ihydroindole.2-yl}.propanoate. 

This was prepared from 125a on a 3.4 mmol scale following the method described for 
lb. The product was isolated in 44% yield after flash chromatography on silica gel 
(eluaniEtOAcrhexane 12:88 v/v). 

125c Methyl 3-{(2R)-23^hydroindoIe-2-yl}.propanoate hydrochloride. 

This was prepared from 125b on a 1.0 mmol scale following the method described for 
lc The product was used without purification, assuming a yield of 100%. 
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125d Methyl 3-{(2R)-l-{(2S)-2.f/m-butyloxycarbonyIanuno)^phenyIbutanoyl}-2J- 
dihydroindole-2-yI}-propanoate. 

This was prepared from 125c and BOC-homophenylalanine on a 1.0 mmoi scale 
following the method described for Id. The product was isolated in 64% yield after flash 
chromatography on silica gel (eluant EtOAc:hexane 20:80 v/v). 

12Se Methyl 3-{(2R).l.{(2S)-2-(indole-2-carbonylamlno)w|.phenylbutanoyl}-23. 
dihydroindole-2-yI}-propanoate. 

This was prepared from 125d on a 0.43 ramol scale foUowing the method described for 
123b. The product was isolated in 41% yield after flash chromatography on silica gel 
(eluant EtOAcrhexane 30:70 v/v). 

125f M(2R)-l-{(2S)-2-(IhdoIe-2^bonyIaniino)^l-phenylbutanoyl}-2^- 
dihydroindole-2-yI}-propanoic add. 

This was prepared from 125e on a 0.18 ramol scale following the method described for 
If. The product was isolated in 56% yield (43 mg) after flash chromatography on silica 
gel (eluant EtOAc:hexane:AcOH 40:60:2 wV/v). 
HPLC System B t R =l 1.2* >80% 
Mass spec (FAB) ra/e=518 [M+H] + 



EXAMPLE 126 




126a Methyl (2R)-I-{(2S)-2.(5-nuoroindole.2<arbonylamino)^l.phenylbutanoyl}. 
2,3-dihydroindoIe-2-acetate. 

This was prepared from 124a and 5-fluoroindole-2-carboxyiic acid on a 0.20 mmol 
scale foUowing the method described for 123b. The product was isolated in 54% yield 
after flash chromatography on silica gel (eluant EtOAcpeL ether 35:65 v/v). 
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126b (2R).l-{(2S)-2.(S-FIuoroindole-2-carbonylamino)«4-phenyJbutanoyl}-2.3- 
dihydroindole-2-acetic add. 

This was prepared from 126a on a 0.11 ramol scale following the method described for 
If. The product was isolated in 73% yield (39 mg) after flash chromatography on silica 
gel (eluant EtOActpeL ethenAcOH 45:55:2 v/v/v). 
HPLC System A ^=14.2' >95% 
Mass spec (FAB) m/es500 [M+H1+ 



EXAMPLE 127 



124a 




127a 



127b 



127a Methyl (2R).l-{(2S).2-(5H:hloroindoIe-2H3irbonylainino)-4.phenylbutanoyl}. 
2 J-dihydroindole-2-acetic add. 

This was prepared from 124a and 5<hloroindole-2-carboxyUc add on a 0.20 mmoi 
scale following the method described for 123b. The product was isolated in 52% yield 
after flash chromatography on silica gel (eluant EtOAc:pet ether 35:65 v/v). 

127b (2R)-l-{(2S)-2-(5.Chloroindole.2-carbonylamino)-4-phenylbutanoyl }-23- 
dihydroindole-2-acetic add. 

This was prepared from 127a on a 0.10 mmol scale following the method described for 
If. The product was isolated in 78% yield (42 rag) after flash chromatography on silica 
gel (eluant EtOAc:peL ethenAcOH 45:55:2 v/v/v). 
HPLC System A ^=16.0' >95% 
Mass spec (FAB) m/e=5 1 1 [M+H] + 
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174 



13a 




128a 



128b 



128a Methyl (3R).2-{(2S).2.(indoIe-2^bonylainino)^phenylbutanoyJ}.lA3,4. 
tetrahydroiso quinoline-3-acetate. 

This was prepared from 13a on a 0.12 mmol scale foUowing the method described for 
123b. The product was isolated in 68% yield after flash chromatography on silica gel 
(eluant EtOAc:pet etfaenAcOH 35:65:2 v/v/v). 



128b (3R)-2-{(2S)-2-(Indole-2^bonylaiiiinoH.pheiiylbutanoyl}.lA3 t 4- 
tetrahydroisoquinoIine-3-aceticacid. 

This was prepared from 128a on a 0.09 mmol scale foUowing the method described for 
If. The product was isolated in 66% yield (31 mg) after flash chromatography on silica 
gel (eluant EtOAc:pet. ethenAcOH 40:60:2 v/v/v). 
HPLC System A t R aL4.8' >99% 
Mass spec (FAB) m/e=496 [M+H1+ 
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EXAMPLE 129 




129d 

129c 



129a ( 2S )* l -((^)-^(^.Butyloxycarbonylanrino)-4-phenyIbutanoyI}.23. 
dihydroindole-2-aceticacid. 

This was prepared from the (2SHndoline epimer of 124a on a 0.68 mmol scale 
following the method described for If. The product was used without purification, 
assuming a yield of 100%. 
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129b Benzyl N-{(2S)-l-{(2S)-2-(/m-butylo™^ 
dihydroindole-2-acetyI}-glycinate. 

This was prepared from 129a and GlyOBzl on a 0.68 ramoi scale following the method 
described for Id. The product was isolated in 53% yield after flash chromatography on 
silica gel (eluant EtOAcrpet. ether 35:65 v/v). 

129c Benzyl N-{(2SM-{(2S)-2-(indoIe-2^bontf 
dihydroindole-2-acetyi }-glycinate. 

This was prepared from 129b and on a 0.36 mmoi scale following the method described 
for 123b. The product was isolated in 45% yield after flash chromatography on silica gel 
(eluant EtOAcrpet ether 40:60 v/v). 

129d N -« 2S M-{(2S>-2-(Indole-2^^^ 
dihydroindole-2-acetyIJ-gJycine. 

This was prepared from 129c on a 0.16 mmoi scale following the method described for 
If. The product was isolated in 30% yield C26 mg) after flash chromatography on silica 
gel (eluant EtOAc:pet. ether:AcOH 90:10:2 v/v/v). 
HPLC System A ^=13.6' >95% 
Mass spec (FAB) m/e=539 [M+H] + 
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EXAMPLE 130 




130a Methyl 3-{(2RSVl-te/r-butyloxycarbonyI-2J^Iihydroindole-2-carbonylainino}. 
propanoate. 

This was prepared from racemic 48a and (J-alaaineOMe on a 1.8 mmol scale following 
the method described for Id. The product was isolated in 100% yield after flash 
chromatography on silica gel (eluant EtOAc:pet ether 50:50 v/v). 
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130b Methyl 3-{(2RS)-2.3-dihydroindole.2.carbonyiainino}-propanoic add 
hydrochloride. 

This was prepared from 130a on a 1.2 mmol scale following the method described for 
lc The product was used without purification, assuming a yield of 100%. 

130c Methyl 3-{(2RS)-l-{(2S)-2-G^-butyloxycartony^ 
2J-dihydroindoIe-2-carbonyIamino}-propanoicacid. 

This was prepared from 130b and BOC-homophenyialanine on a 1.2 mmol scale 
following the method described for Id. The product was isolated in 41% yield after flash 
chromatography on silica gel (eluant EtOAcrpet. ether 45:55 v/v). 

130d Methyl 34(2SVI-{(2S).2-(indore-2-carbonyiainino)^phenylbutanoy^2^- 
dihydroindole-2-carbonyiamino}-propanoicacid. 

This was prepared from 130c on a 0.49 mmol scale following the method described for 
123b. The product was isolated in 28% yield after flash chromatography on silica gel 
(eluant EtOAc:peL ether 55:45 v/v). 

me 3-{(2S)-l-{(2S)-2.(IndoIe-2-carbonyIaimno)-4-phenylbutanoyl}-2^. 
dihydroindole-2-carbonylamino}-propanoicacid. 

This was prepared from 130d on a 0.09 mmol scale following the method described for 
If. The product was isolated in 97% yield (47 mg) after flash chromatography on silica 
gel (eluant EtOAcrpeL ethenAcOH 70:30:2 v/v/v). 
HPLC System A t R =12.6' >95% 
Mass spec (FAB) m/e=539 [M+HJ+ 



EXAMPLE 131 
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131a Methyl N-{(3R)-2-{(2IL5S).l.((2R).l./m.butyloxycarbony|.2J^lihydroindole. 

2-carbonyl)-5-phenyl-pyiroIidine-2-carbonyl}-1^3,4-tetrahydroisoquinoline-3- 

carbonylj-prolinate. 

This was prepared from 69 and ProOMe on a 0.30 mmol scale following the method 
described for Id. The product was isolated in IS% yield after flash chromatography on 
silica gel (eluant EtOAchexane 40:60 then 70:30 v/v). 
Rf (EtOAc:hexane 70:30 v/v) 0.22 

131b N-{(3RV2-{(2R5SM-((2RM-/m-Butyloxycarbonyl-2^^ 

carbonyl)-5-phenyl-pyrrolidine-2-carbonyl}-l^,4-teti^ydroisoquinoline-3- 
carbonyl}-proline. 

This was prepared from 131a on a 0.06 mmol scale following the method described for 
If. The product was isolated in 49% yield (19 mg) after flash chromatography on silica 
gel (eluant EtOAc:AcOH 100:2 v/v). 
HPLC System A ^=19.7' >98% 
AAA Peptide contents73% 
Mass spec (FAB) m/e=693 [M+H1+ 

EXAMPLE 132 m 

,CH 3 CH 3 
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132a Methyl N-{(3R)-2-/m-butyloxycarbonyl.l^J,4-ted^ydroisoquinoline-3- 
carbonylj-prolinate. 

This was prepared from la and ProOMe on a 5.4 mmol scale following the method 
described for Id. The product was isolated in 68% yield after flash chromatography on 
silica gel (eluant EtOAcrhexane 70:30 v/v). 

132b Methyl N-{(3R)-U3,4-tetrahydroiso^ 
hydrochloride. 

This was prepared from 132a on a 0.13 mmol scale following the method described for 
lc The product was used without purification assuming a yield of 100%. 

132c Methyl N-{(3R)-2-{(2S£R)-l-((2RM 

2-carbonvJ)-5-phenyl-pyiTOlidine-2- 

carbonyl}-prolinate. 

This was prepared from 132b and 88b on a 0.13 mmol scale following the method 
described for Id- The product was isolated in 100% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 65:35 v/v). 
Rf (EtOAdhexane 80:20 v/v) 0.38 

I32d N-{(3R)-2-{(2S.5R)-l-((2R).l.^ 

carbonyi)-5~phenyl-pyn:olidine-2-carbony 

carbonylj-proline. 

This was prepared from 132c on a 0.13 mmol scale following the method described for 
If. The product was isolated in 24% yield f21 mg) after flash chromatography on silica 
gel (eluant EtOAcdiexane:AcOH 90: 10:2 v/v/v). 
HPLC System A t R =19.9' >95% 
AAA Peptide content^ 1% 
Mass spec (FAB) m/e=693 [M+HJ+ 
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EXAMPLE 133 




133a Methyl N-{(3R)-^/eit.butyloxycarbonyl-1^4.tetrahydroisoquinoUne.3- 
carbonylj-D-proiinate. 

This was prepared from la and D-ProOMe on a 0.56 mmol scale following the method 
described for Id. The product was isolated in 39% yield after Hash chromatography on 
silica gel (eluant EtOAc:hexane 65:35 v/v). 
Rf (EtOAcrhexane 70:30 v/v> 0.30 

133b Methyl N-{(3R)-1^.4-teti^ydrt)isoqumoUne.3-carbonyl}-D.proIinate 
hydrochloride. 

This was prepared from 133a on a 0.13 mmol scale following the method described for 
lc The product was used without purification assuming a yield of 100%. 
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133c Methyl N-{(3R)-2-{(2S5R).l-<(2RM-/m.bu^ 

2>carbonyl)-5-phenyl-pyiroiidine>2*carbonyl}>1^.4>tetrahydroisoquinoUne-3- 

carbonyI}-D-prolinate. 

This was prepared from 133b and 88b on a 0.13 ramol scale following the method 
described for Id. The product was isolated in 100% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 65:35 v/v). 
Rf (EtOAc:hexane 80:20 v/v) 0.30 

133d N-{(3R)-2-{(2S^R)-l-((2R)-l-tert.Butyloxycarbonyl-2J^ydroindole-2- 

carbonyl)-5-phenyl-pyiroUdine-2<carbonyi}-1^^4-tetrahydroisoquinoline-3> 

carbonyl}-D-proline. 

This was prepared from 133c on a 0.13 mmol scale following the method described for 
If. The product was isolated in 57% yield (51 mg) after flash chromatography on silica 
gel (eluant EtOAc:hexane:AcOH 95:5:2 v/v/v). 
HPLC System A t R =20.2' >95% 
AAA Peptide content=91% 
Mass spec (FAB) m/e=693 [M+H] + 



EXAMPLE 134 



86d 




00 



134a 



134b 
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134a Methyl (3R)-^{(2R.5S).l.f(2R)-l./m.butyloxycarbonyl.23.dftydroindoIe-2. 

carbonyl)-5-benzyl-pyiToIidine~2^rbontf^ 

carboxylate. 

This was prepared from 26a and 86d on a 0.5 mraol scale following the method 
described for Id. The product was isolated in 96% yield after flash chromatography on 
silica gel (eluani EtOAcrpec ether 40:60 v/v). 

134b (3R)-2-{(2R^SVH(2R).l^-Butyloxycarbony|.2J.dihydroindole-2. 

carbonyl).5-benzyl.pyrroIidine-^ 

carboxylicadd. 

This was prepared from 134a on a 0.48 mmol scale following the method described for 
If. The product was isolated in 51% yield (151 mg) after flash chromatography on silica 
gelfeluant EtOAcrpet. ether:AcOH 70:30:2 v/v/v). 
HPLC System A ^=14.4' >99% 
Mass spec (FAB) m/e=510 [M+H-BOQ+ 
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EXAMPLE 135 




1350 135f 

135a 2-ChlorophenyIacetaldehyde. 

This was prepared from 2-chlorophenethyi alcohol on a 9.58 ramol scale following the 
method described for 99a. The product was used without purification assuming a yield of 
100%. 

135b Methyl N-2-chlorophenethyl-glydnate. 

This was prepared from 135a on a 9.58 ramol scale following the method described for 
42a. The product was isolated in 8% yield after flash chromatography on silica gel 
(eluant EtOAcdiexane 80:20 v/v). 
Rf (EtOAcrhexane 80:20 v/v) 0.12 

l H NMR 8 2.84-2.88 C4H.m): 3.40 (2H,s); 3.66 (3H.S); 7.06-7.29 (4H,m) 
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135c Methyl N-2-chlorophenethyl.N-((2R).l./m-butyloxycarbonyl-23- 
dihydroindole-2-carbonyl)-glycinate. 

This was prepared from 135b and 48a on a 0.68 mmol scale following the method 
described for Id. The product was isolated in 76% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 35:65 v/v). 
Rf (EtOAc:hexane 40:60 v/v) 0.26 

135d N-2-Chlorophenethyl-N-((2R).l-terf-butyloxycarbonyl-23-dihydroindole-2- 
carbonyl).glydne. 

This was prepared from 135c on a 0.52 mmol scale following the method described for 
If, The product was isolated in 78% yield and used without further purification. 

135e Methyl (3R)-2-{N-2-cWorophenetoyl-N-((2m 
(HhydroindoIe-2^bonyl)-glycyl}-l^^tet^ 

This was prepared from 135d and lc on a 0.20 mmol scale following the method 
described for Id. The product was isolated in 58% yield after flash chromatography on 
silica gel (eluant EtOAchexane 40:60 v/v). 
Rf (EtOAc:hexane 50:50 v/v) 0.25 

135f (3R)-2-{N-2-CWorophenetoyl-N-#2R).l^ 
dihydroindoIe-2^bonyl)-glycyl}-l^,4^ 

This was prepared from 135e on a 0.12 mmol scale following the method described for 
If. The product was isolated in 50% yield (38 mg) after flash chromatography on silica 
gel (eluant EtOAc:hexane:AcOH 55:45:2 v/v/v). 
HPLC System A t R =22.3' >90% 
Mass spec (FAB) m/e=632 [M+H1+ 
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EXAMPLE 136 




136d 136e 

136a Methyl N-4-chiorophenethyi-glytinate» 

This was prepared from 2-chlorophenethylamine on a 6.43 mmol scale following the 
method described for 32a- The product was isolated in 94% yield and used without 
purification. * 



136b Methyl N-4^hlorophenethyI-N.((2R)-l-ren-butyloxycarbonyI-23- 
dihydroindole-2*carbonyi)-glycinate~ 

This was prepared from 136a and 48a on a 1*7 mmol scale following the method 
described for Id* The product was isolated in 84% yield after flash chromatography on 
silica gel (eluant EtOAczhcxane 45:55 v/v). 
Rf (EtOAc:hexane 50:50 v/v) 0.30 
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136c N-4-ChlorophenethyI.N.((2R).l^rt-butyloxycarbonyl-2J-dihydroindoie.2- 
carbonyl)-glycine. 

This was prepared from 136b on a 1.48 ramol scale following the method described for 
If. The product was isolated in 75% yield and used without further purification. 

136d Methyl (3RM-{N-2^hloropheiiethyl.N-((2R)-l-tert.butyloxycarbonyl-2^. 
dihydroindole-2-carbonyi)-giycyl}.1^.4-tetrahydroisoquinoline-3-acetate. 

This was prepared from 136c and lc on a 0.56 mmol scale following the method 
described for Id. The product was isolated in 70% yield after flash chromatography on 
silica gel (eluant EtOAcrhexane 45:55 v/v). 
Rf (EtOAcrhexane 50:50 v/v) 0.26 

136e (3RWN^.ChJorophenethyI.N^(2R).l-te/f.butyloxycarbonyl.2^. 
dihydroindoIe-2-carbonyl>gly<^ 

This was prepared from 136d on a 0.39 ramol scale following the method described for 
If. The product was isolated in 60% yield (149 mg) after flash chromatography on silica 
gel (eluant EtOAc:hexane:hexane:AcOH 65:35:2 v/v/v). 
HPLC System A t R =16.3' >95% 
Mass spec (FAB) m/es628 [M+H1+ 
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EXAMPLE 137 



H O 



"CH, 



1373 137b 

,CH 3 



0^06 — ocani 

O-^o O 0 <L ? 0«^0 0 cAoH 

H 3 C+CH 3 C«3 HjC-fci^ 

3 ch 3 137c ^3 137d 

3 ,^o-CH3 O^OH 



137e 



137f 



137a 2-Methoxyphenylacetaldehyde. 

This was prepared from 2-raethoxyphenethyl alcohol on a 13.1 mmol scale following 
the method described for 99a. The product was isolated in 51% yield after flash 
chromatography on silica gel (eluant EtOAc:hexane 4:96 then 5:95 v/v). 
Rf f EtOAcdiexane 5:95 v/v) 0. 17 

1HNMR83J7 (2H.dJ=2Hz); 3.75 (3H.s); 6.8-7.3 (4H,m); 9.61 (lH.tJ=2Hz) 

137b Methyl N-2-methoxyphenethyl-glycinate. 

This was prepared from 137a on a 6.8 mmol scale following the method described for 
42a. The product was isolated in 28% yield after flash chromatography on silica gel 
(eluant EtOAc:hexane 80:20 v/v). 
Rf (EtOAcmexane 80:20 v/v) 0.16 



WO 93/20099 



PCT/GB93/00614 



189 

137c Methyl N-2-methoxypheneUiyl-N-((2R)-l^rt-butyloxycarbonyl-23. 
dihydroindoIe-2-carbonyi)-glycinate. 

This was prepared from 137b and 48a on a 1.9 mmol scale following the method 
described for Id. The product was isolated in 98% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 40:60 v/v). 
Rf <EtOAc:hexane 50:50 v/v) 0.33 

137d N-^MetooxyphenethyI-N-((2R).l.tert-b^ 
carbonyO-glydne. 

This was prepared from 137c on a 1.90 mmol scale following the method described for 
If. The product was isolated in 85% yield and used without further purification. 

137e Methyl (3R)-2-{N-2.methoxyphenethyl-N-((2R)-l.te/*-butyloxycarbonyl-23. 
dihydroindole-2-<arbonyl).glycyl}.l^J3,4.tetrahydroisoquinoUne-3-acetate. 

This was prepared from 137d and lc on a 0.81 mmol scale following the method 
described for Id. The product was isolated in 92% yield after flash chromatography on 
silica gel (eluant EtOAcmexane 40:60 v/v). 
Rf (EtOAc:hexane 50:50 v/v) 0.28 

137f (3R)-2-{N.2-Methoxyphenethyl-N-((2R)-l-te/t.butyloxycarbonyl.2^. 
dihyd^oindoIe-2^^bonyl).glycyI^1^.4.te^yd^oisoquinoUne.3.aceticad<L 

This was prepared from 137e on a 0.75 mmol scale following the method described for 
If. The product was isolated in 52% yield (247 mg) after flash chromatography on silica 
gel (eluant EtOAc:hexane:AcOH 55:45:2 v/v). 
HPLC System A t R =21.1' >95% 
Mass spec (FAB) m/e=628 [M+H1+ 
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EXAMPLE 138 




138a 138b 




138a 3-MethoxyphenylacetaIdehyde. 

This was prepared firom 3-methoxyphenethyl alcohol on a 13.1 mmol scale following 
the method described for 99a. The product was isolated in 19% yield after flash 
chromatography on silica gel (eluant EtOAcmexane 10:90 v/v). 
Rf (EtOAczhexane 10:90 v/v) 0.20 

l H NMR 5 3 .58 (2H.dJ=2.5Hz): 3.73 (3Rs); 6.6-7.2 (4Hjn;; 9.67 (iatj=2 JHz) 

138b Methyl N-3-methoxyphenethyl-glycinate. 

This was prepared from 138a on a 2.6 mmol scale following the method described for 
42a. The product was isolated in 42% yield after flash chromatography on silica gel 
(eluant EtOAchexane 90:10 v/v). 
Rf (EtOAcmexane 90: 10 v/v) 0. 16 
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138c Methyl N-3-methoxyphenethyl-N-((2R 
dihydroindole-2-carbonyl)-g!ycinate. 

This was prepared from 138b and 48a on a 1.1 mmol scale following the method 
described for Id. The product was isolated in 86% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 40:60 v/v). 
Rf (EtOAcrhexane 40:60 v/v) 0.30 

138d N-3-Methoxyphenethyi-N-((2R)-l^^ 
carbonyl)-glycine. 

This was prepared from 138c on a 0.93 mmol scale following the method described for 
If. The product was used without further purification assuming a 100% yield. 

138e Methyl (3R).2-{NO-niethoxyphenethyl.N-((2R)-l-/eft-butyloxycarbonyl.23. 
dihydroindole-2-carbonyl)-glycyl}-l^ 

This was prepared from 138d and lc on a 0.47 mmol scale following the method 
described for Id. The product was isolated in 91% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 40:60 v/v). 
Rf (EtOAcihexane 50:50 v/v) 0.23 

138f (3R)~2-{N-3-MethoxyphenethyK^ 
dihydroindole-2-carbony))-glycyIH 

This was prepared from 138e on a 0.43 mmol scale following the method described for 
If. The product was isolated in 11% yield (31 mg) after flash chromatography on silica 
gel (eluant EtOAc:hexane:AcOH 55:45:2 v/v/v). 
HPLC System A t R =19.6' >80% 
Mass spec (FAB) m/e=628 [M+H]+ 
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EXAMPLE 139 




139a 139b 




139e 13gf 

139a 4-Methoxyphenylacetaldehyde. 

This was prepared from 4-raethoxyphenethyl alcohol on a 13.1 mraol scale following 
the method described for 99a. The product was isolated in 17% yield after flash 
chromatography on silica gel (eluant EtOAcrhexane 10:90 v/v). 
Rf (EtOAcmexane 10:90 v/v) 0.20 

iH NMR 8 3.75 (2H,dJ=2.3Hz); 3.75 (3Rs); 7.03 (2H,dJ=9Hz); 7.25 (2H.dJ=9Hz); 
9.84(lH.tJ~2JHz) 

139b Methyl N-4-methoxyphenethyl-gIycinate. 

This was prepared from 139a on a 2.3 ramol scale following the method described for 
42a. The product was isolated in 38% yield after flash chromatography on silica gel 
- (eluant EtOAchexane 90:10 v/v). 
Rf (EtOAc:hexane 90:10 v/v) 0.17 



WO 93/20099 



PCT/GB93/00614 



193 



139c Methyl N^-methoxyphenethyl-N-((2R).l-te/t.butyIoxycarbonyl.23. 
dihydroindoIe-2-carbonyl)-glycinate. 

This was prepared from 139b and 48a on a 0.87 ramol scale following the method 
described for Id. The product was isolated in 82% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 40:60 v/v). 
Rf (EtOAcmexane 50:50 v/v) 0.30 

139d N^Methoxyphenethyl-N-((2RM«/m.butyloxyc^ 
carbonyl)-glycinc 

This was prepared from 139c on a 0.72 mmol scale Mowing the method described for 
If. The product was isolated in 80% yield and used without further purification. 

139e Methyl (3R).2-{N^.raethoxyphenethyl.N.((2R).l.te/t.butyloxycarbonyI-23- 
dThydroindole-2^bonyl)-glycyl}-l^ 

This was prepared from 139d and lc on a 0.29 mmol scale following the method 
described for Id. The product was isolated in 75% yield after flash chromatography on 
silica gel (eluant EtOAcrhexane 40:60 v/v). 
Rf (EtOAehexane 50:50 v/v) 0.21 

139f (3R)-2^N^Methoxyphenethyl.N.((2R).l.te/t-butyioxycarbonyl-23. 
dihydroindo!e-2-carbonyl)-glycyl}-l^ 

This was prepared from 139e on a 0.22 mmol scale following the method described for 
If. The product was isolated in 47% yield (65 mg) after flash chromatography on silica 
gel (eluant EtOAcdiexane:AcOH 55:45:2 v/v/v). 
HPLC System A ^=19.6' >80% 
Mass spec (FAB) m/e=628 [M+H1+ 
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EXAMPLE 140 




140a 1^3,4-Tetrahydro^benz[h]isoquinoline-3-carboxyiic acid. 

This was prepared from p-(2-naphthyl)alanine on a 23 ramol scale following the method 
described for 84a. The product was isolated in 85% yield as a mixture of benzfg]- and 
benz[h] -fused isomers which was used without further purification. 

140b Methyl l^»4-tetrahydro-benz[h]isoquinoline-3-carboxyIate* 

This was prepared from 140a on a 9.9 mmol scale following the method described for 
26a. The product was isolated in 2% yield after flash chromatography on silica gel (eluant 
EtOAc). The benz[g]-fused isomer was also isolated (in 4% yield). 

140c Methyl (3R)-2-{N-phenethyl-N-((2R W 
2-carbonyl)-gIycylHaA4-tetrah^ 

This was prepared from 90b and 140b on a 0.19 mmol scale following the method 
described for Id. The product was isolated in 33% yield after flash chromatography on 
silica gel (eluant EtOAcrpeL ether 30:70 v/v). 

140d <3R)-2-{N-PhenethyI-N-((2^ 
carbonyl)-glycylMf2,3,4-tetr^ 

This was prepared from 140c on a 0.06 mmol scale following the method described for 
If. The product was isolated in 47% yield (18 mg) after flash chromatography on silica gel 
(eluant EtOAcrpeL ether. AcOH 70:30:2 v/v/v). 
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EXAMPLE 141 
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NH, 





141b 



CO 



H 3 C^CH 3 



141d 



CH, 



H 3 C^L^N 



H 3 C 




141c 




CH 3 




141e 



141a (3RS)-4>Aniino-3-phenyibutanoicactd. 

A suspension of (RS)^amino-3-(4-chIorophenyl)butanoic acid in HoO (100 mL) and 
MeOH (70 mL) was hydrogenated over 5% Pd-on-carbon at room temperature for 5 hr. 
The mixture was filtered through Celite and the filtrate was concentrated in vacuo to give 
the tide compound which was used without further purification assuming a yield of 100%. 

141b (4RS)-1 A3,4-Tetrahydroisoquinoline-4-acetic acid. 

This was prepared from 141a on a 4.7 raraol scale following the method described for 
84a. The product was used without further purification assuming a yield of 1 00%. 
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141c Methyl (4RS)-2-tat-butyIoxycarbonyI-l J2J,4-tetrahydroisoquinoIine-4-acetate. 

This was prepared from 141b on a 4.7 ramoi scale in two steps. The acid was esterified 
following the method described for 26a. The crude product was taken up in ClfcClj (70 
mL) and treated with BOC 2 0 ( 1.31 g, 6 nunoi) and /-Pr 2 NEt (excess). The mixture was 
stirred at room temperature overnight diiuiede with EtOAc, washed with aq. KHSO4 and 
brine* filtered (Whatman IPS phase separator)* and concentrated in vacuo. The product 
was isolated in 25% yield after flash chromatography on silica gel (eluant EtOAcrpet. ether 
20:80 v/v). 

141d Methyl (4RS)-2-{N-phenethyI-N-((2RM^^^ 
dihydroindoIe-2-carbonyl)-glycyl}-133 t ^ 

This was prepared from 90b and 141c on a 0.50 mmoi scale following the method 
described for 79d. The product was isolated in 39% yield after flash chromatography on 
silica gel (eluant EtOAc:pet. ether 40:60 v/v). 

141e (4RS)-2-{N-PhenethyI-N-((2^ 
carbonyl>glycyl^l^^,4^tetrahydroisoquinoline^-acetic acid. 

This was prepared from 141d on a 0.19 mmoi scale following the method described for 
If. The product was isolated in 70% yield (79 mg) after flash chromatography on silica gel 
(eluant EtOAc:pec ethenAcOH 50:50:2 v/v/v). 
HPLC System A t R =19.0' >90% 
Mass spec (FAB) m/e=598 [M+HI+ 



EXAMPLE 142 
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142a iMethyl (4RS).2-{(2R^S).l.((2R).l^/t-butyloxycarbonyl.2J^iihydroindole-2. 
carbonyl).5-phenyl-pyiTolidine-2.cart^ 

This was prepared from 79b and 141c on a 0.52 mmol scale Mowing the method 
described for 79d. The product was isolated in 48% yield after flash chromatography on 
silica gel (eluant EtOAcrpeL ether 30:70 v/v). 

142b (4re)-2-{(2R£SM-((2RM-tert-Butylox^ 

cartonyl)-5-phenyl-pyiToUdta^^ 

add. 

This was prepared from 142a on a 0.16 mmol scale following the method described for 
If. The product was isolated in 7 1 % yield (69 mg) after flash chromatography on silica gel 
(eluantEtOAc:peL ethenAcOH 50:50:2 v/v/v). 
HPLC System A t R =20.2' >95% 
Mass spec (FAB) m/e=610 [M+HJ+ 

EXAMPLE 143 



H O 



— °& 

<^U3a 

a 





*CH 3 

143b 



OH 

143c 



143a (2R)-l-Cydobttlyloxywbonyl.2,3^ydroindoIe.2-carboxyUc add. 

This was prepared from cyclobutanol on a 2.0 mmol scale following the method described 
for 72a. The product was isolated in 16% yield after flash chromatography on silica gel 
(eluant EtOAc.-peL ethenAcOH 35:65:2 v/v/v). 



WO 93/20099 



PCI7GB93/00614 



198 

143b Methyl (3R>2-{(2R^SM-((2RVl^dobutyloxy^ 

carbonyl)-5-phenyi-pyroHdine-2-carbony^ 

carboxyiate. 

This was prepared from 68a and 143a on a 0.24 mmol scale following the method 
described for 79d. The product was isolated in 82% yield after flash chromatography on 
silica gel (eluantEtOAc:pet ether 35:65 v/v). 

143c (3R)-2-{(2R^S)-l-((2RM-Cydobutyloxycarbo^ 

carbonyl)-5-phenyl-pyiTondine-2H^banyO^^ 

carboxylic add. 

. This was prepared from 143b on a 0.20 mmol scale following the method described for 
If. The product was isolated in 72% yield (85 mg) after flash chromatography on silica gel 
(eluant EtOAcrpet. ethenAcOH 65:35:2 v/v/v). 
HPLC System B t R =14.2* >95% 
Mass spec (FAB) m/e=594 rM+H] + 

EXAMPLE 144 



O 



H O 



144a 



o o 

144b 144c 

144a (2RM-Cyclopenty loxycar bonyI-23<dihydroindole-2-carboxylic add. 

This was prepared from cyclopentanol oa a 2.0 mmol scale following the method 
described for 72a. The product was isolated in 75% yield and used without purification. 
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144b Methyl (3R).2-{(2R^S>l.((2R).lHydopentyloxycarbonyl-23.dihydroindole-2. 
carbonyl>-5-phenyl-pyrTolidine-2-carbonyl}-l^,4-tetrahydroisoquinoline-3-acetate. 

This was prepared from 78a and 144a on a 0.30 ramol scale following the method 
described for 79d. The product was isolated in 73% yield after flash chromatography on 
silica gel (eluant EtOAcpet. ether 35:65 v/v). 

144c (3R>2-{(2R^SM-((2RM-Cydopentyloxycarbonyl-2^ 

carbonyl)-5-phenyl-p\Trolidtfne-2-carbonyl}-l^ 

add. 

This was prepared from 144b on a 0.22 mmol scale following the method described for 
If. The product was isolated in 79% yield (108 mgj after flash chromatography on silica 
gel (eluant EtOAcrpeL ethenAcOH 65:35:2 v/v/v). 
HPLC System B t R =16.3' >98% 
Mass spec (FAB) ra/e=622 [M+H]+ 

EXAMPLE 145 

145a 145b 

145a Methyl (3R)-2-{(2R5S)-l-((2R).l.cydopentyloxycarbonyl.2J^ihydroindole-2- 

carbonyl)-5-phenyi-pyiTolidine-2^bonyl}-lA3,4.tetrahydroisoqiiinoUne.3- 
carboxylate. 

This was prepared from 68a and 144a on a 0.24 mmol scale following the method 
described for 79d. The product was isolated in 81% yield after flash chromatography on 
silica gel (eluant EtOAc:pet ether 35:65 v/v). 



68a + 144a- 
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145b (3R)-2-{(2R.5SM-((2RM-Cydopentyloxv^ 

carbonyl)-5-phenyl-pyrrolidine-2w^ 

carboxylic acid. 

This was prepared from 145a on a 0.19 mmol scale following the method described for 
If. The product was isolated in 69% yield (80 me J after flash chromatography on silica gel 
(eluantEtOAcrpet ether AcOH 65:35:2 v/v/v). 
HPLC System B ^=15.2' >98% 
Mass spec (FAB) m/e=608 [M+H]+ 

EXAMPLE 146 



146a 



OH 

146b 146c 

146a (2R)-l-(2-exo-Norbornyl)oxycarbonyI-23-dihydroindo add. 

This was prepared from 2-^ro-norbornyI alcohol on a 1,0 ramol scale following the 
method described for 72a. The product was isolated in 93% yield and used without 
purification. 

146b Methyl (3R).2-{(2R3S)-1-((2RM^ 

dihydroindoIe-2^arbonyl)-5-ph^ 

tetrahydroisoquinoiine-3-carboxylate. 

This was prepared from 68a and 146a on a 0.24 mmol scale following the method 
described for 79d. The product was isolated in 74% yield after flash chromatography on 
silica gel (eluant EtOAcrpeL ether 35:65 v/v). 
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146c (3R)-^{(2R^S)-M(2R)-l-(2-eroMNorboroy 

carbonyl)-5-phenyl-pyirolidine-2^rbonyl}-1^3.4.tetrahydroisoquinoline.3- 
carboxylic acid. 

This was prepared from 146b on a 0.18 ramol scale following the method described for 
If. The product was isolated in 65% yield (74 rag) after flash chromatography on silica gel 
(eluantEtOAcrpet etherAcOH 60:40:2 v/v/v). 
HPLC System B t R =17.2' >98% 
Mass spec (FAB) m/e=634 [M+H] + 



EXAMPLE 147 




147b 147c 

147a (2R)-l-Cyclododecyioxycarbonyl-2.3-dihydroindole-2-carboxylic add. 

This was prepared from cyclododecanoi on a 1.0 mmol scale following the method 
described for 72a. The product was isolated in 64% yield and used without purification. 



147b Methyl (3R>2-{(2I^S)-l.((2RM^dododecyIoxy<^ 

2^^bonyl)-5-phenyi-pyiTolidine-2-carbonyl}-1^3.4.tetrahydroisoquinoline-3- 
carboxylate. 

This was prepared from 68a and 147a on a 0.24 ramol scale following the method 
described for 79d. The product was isolated in 55% yield after flash chromatography on 
silica gel (eluant EtOAc:pet ether 30:70 v/v). 
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147c (3R)-2-{(2R^S)-l-((2R)-l.Cydododecrt^ 

carbonyi)-5-phenyl*pyrroIffi^ 

carboxy lie acid. 

This was prepared from 147b on a 0.13 mmol scale following the meihod described for 
If. The product was isolated in 58% yield (53 mg} after flash chromatography on silica gel 
(eluant EtOAcrpeL ethenAcOH 55:45:2 v/v/v). 
HPLC System B t R =25.0* >98% 
Mass spec (FAB) m/e=706 [M+H]+ 

EXAMPLE 148 



90a 




148a 148b 




148a Methyl N-phenethYl-N.((2R)-lwi-propyloxycarbonyi-23-dihyclroindole-2- 
carbonyl)-glycinate. 

This was prepared from 90a and propyl chloroformate on a 0.48 mmol scale following the 
method described for 81a* The product was isolated in 88% yield after flash 
chromatography on silica gel (eluant EtOAc:peL ether 35:65 v/v). 
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148b N-Phenethyl-N-((2R>- 1 -H.propyloxycarbonyl-23-dihydroindole-2-carbonyl). 
glycine. 

This was prepared from 148a on a 0.42 mmol scaie Mowing the method described for 
If. The product was isolated in 45% yield after flash chromatography on silica gel (eluant 
EtOAc:hexane:AcOH 65:35:2 v/v/v). 

148c Methyl (3R)-2-{N-phenethyl.N-((2RVl-«-propyloxycarbonyI.2^^Iihydroindole- 
2.carbonyl)-glycyl}-lA3,4-tetrahydroisoquinoline-3-acetate. 

This was prepared from lc and 148b on a 0.08 mmol scale following the method 
described for Id. The product was isolated in 100% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 55:45 v/v). 
R f (EtOAcrhexane 60:40 v/v) 0.35 

148d (3R)-2-{N-Phenethyl-N-((2R).l-ii.propyloxycarbonyl.W^ydroindole-2- 
carbonyl)-glycyl}-lA3,4>tetrahydroisoquinoline-3-aceticacid. 

This was prepared from 148c on a 0.08 mmol scale following the method described for 
If. The product was isolated in 54% yield (25 mg) after flash chromatography on silica gel 
(eluant EtOAcmexane: AcOH 70:30:2 v/v/v). 
HPLC System A ^17.9' >98% 
Mass spec (FAB) m/e=584 [M+H1+ 



EXAMPLE 149 
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I49a Methyl N^(3R)-2-{(2S.5RM.((2RM-/m.butylox^^ 

carbonyl)-5-phenyl-pyiToHdine^^ 

prolinate. 

This was prepared from 79c and 88b on a 0.14 mmol scale Mowing the method 
described for 79d. The product was isolated in 100% yield after flash chromatography on 
silica gel (eluant EtOAcmexane 80:20 v/v). 
R f (EtOAc:hexane 80:20 v/v) 0.13 

149b N-{(3R).2.{(2S^R).M(2R).l-fe^ 

carbonyl)-5-phOTyi-pyiroktf^^^ 

proline. 

This was prepared from 149a on a 0.14 mmol scale following the method described for 
If. The product was isolated in 46% yield (46 mg) after flash chromatography on silica gel 
(eluant EtOAc^cOH 100:2 v/v). 
HPLC System A t R =17.6 r >95% 
AAA Peptide content=91% 
Mass spec (FAB) ra/e=707 [M+H]+ 
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EXAMPLE 150 



H 3 C. Q H 3 (\ 



^6 



150c 



o 



CH 3 

1503 150b 



I ch 3 0*^0 

H 3 C-^CH 3 H 3 C-+»CH, 
CH 3 CH 3 



150d 

H 3 C, 




H 3 C + CH 3 ^ 

3 *CH 3 CH 3 OH 

150e 150f 

150a (2-MethoxyphenyDacetaldehyde. 

This was prepared from 2-(2-memoxyphenyi)ethanol on a 13.1 ramol scale Mowing the 
method described for 99ad. The product was isolated in 52% yield after flash 
chromatography on silica gel (eluant EtOAcmexane 5:95 v/v). 
R f (EtOAc:hexane 5:95 v/v) 0.17 



150b Methyl N-2-(2-methoxyphenyl)ethyI-glycinate. 

This was prepared from 150a on a 6.8 mmol scale following the method described for 
42a. The product was isolated in 28% yield after flash chromatography on silica gel 
feluant EtOAc±exane 80:20 v/v). 
R f (EtOAcmexane 80:20 v/v) 0. 16 
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150c Methyl N-2-(2-methoxyphenyl)ethyl^ 
dihydroindole-2-carbonyl)-glycinate. 

This was prepared from 48a and 150b on a 1.93 ramol scale following the method 
described for Id. The product was isolated in 98% yield after flash chromatography on 
silica gel (eluant EtOAcihexane 40:60 v/v). 
R f (EtOAcrhexane 50:50 v/v) 0.33 

150d N-2^2-MetooxyphenyI)ethyI-N<0^^ 
dihydroindole-2-carbonyl>gIydne. 

This was prepared from 150c on a 1.90 mmol scale following the method described for 
If. The product was isolated in 85% yield and used without purification. 

150e Methyl (3R>2-{N-^(2-methoxyphenyl^ 
23-dihydroindoIe-2^rbonyl)-gIycyl}^^ 

This was prepared from 26a and 150d on a 0.81 mmol scale following the method 
described for Id. The product was isolated in 94% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 40:60 v/v). 
R f (EtOAcihexane 40:60 v/v) 0.29 

150f (3R)-2-{N-2-(2-Methoxypheny 

dihydroindole-2-carbonyl)-glycyl}-^ arid. 

This was prepared from 150e on a 0.76 mmol scale following the method described for 
If. The product was isolated in 57% yield (267 mg) after flash chromatography on silica 
gel (eluant EtOAc:hexane: AcOH 55:45:2 v/v/v). 
HPLC System A t R =20.5' >95% 
Mass spec (FAB) m/e=614 [M+H1+ 
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EXAMPLE 151 




151b 1 51C 



151a (2R)-l-(3^Dimethylbutyl)oxycarbonyI.23^ydroindole-2<arboxyUc add. 

This was prepared fiom 33-dimethylbutanol on a 2.34 mmol scale foUowing the method 
described for 72a. The product was isolated in 37% yield after flash chromatography on 
silica gel (eiuant EtOAc±exane:AcOH 35:65:2 v/v/v). 

151b Methyl (3R).2.{(2R3S)-H(2R).l.(3^dimethylbutyl)oxycarbonyl.2^. 

olhydroindole-2^bonyl).5.phenyl.pyiToUdine-2<arbonyl}.lA3,4- 
tetrahydroisoquinol i ne-3-carboxylate. 

This was prepared from 68a and 151a on a 0.28 mmol scale foUowing the method 
described for 79d. The product was isolated in 75% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 35:65 v/v). 
R f (EtOAc:hexane 35:65 v/v) 0.21 

151c (3R)-2-{(2R^S)-l.((2R).l.(33-Dimethylbutyl)oxycarbonyl.23^ydroindoIe.2. 

<^bonyl)-5-phenyl.pyiToIidine-2^rt^^^ 

carboxylic add. 

This was prepared from 151b on a 0.21 mmol scale foUowing the method described for 
If. The product was isolated in 66% yield f87 mg) after flash chromatography on sUica gel 
feluant EtOAcmexane:AcOH 45:55:2 v/v/v). 
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HPLC System B t R =17.8' >95% 
Mass spec (FAB) m/e=624 [M+H1+ 




1S2b 152c 

152a H(2RVl-Cydoheptyloxycarbonyi-2 J-dihydroindole-2-carboxyUc acid. 

This was prepared from cycloheptanol on a 2.35 mmol scale following the method 
described for 72a. The product was isolated in 39% yield alter flash chromatography on 
silica gel (eluant EtOAcrhexane: AcOH 35:65:2 v/v/v). 



152b Methyl (3R)-2-{(2R£SMK(2RM-cydoheptyIoxy^ 

carbonyI)-5-phenyI-pynroiidi^^^ 

carboxylate. 

This was prepared from 68a and 152a on a 0.28 mmol scale following the method 
described for 79d. The product was isolated in 86% yield after flash chromatography on 
silica gel (eluant ElOAcAexane 35:65 v/v). 
R f (EtOAc:hexane 35:65 v/v) 0.22 
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152c (3R)-2-{(2R.5S)- l-((2R)-l-Cydoheptyloxycartonyl-2,3-dihydroindoIe-2- 

carbonyl)-5-phenyl-pyiTolidine-2-carbo^ 

carboxylicadd. 

This was prepared from 152b on a 0.24 mmol scale following the method described for 
If. The product was isolated in 51% yield (78 mg) after flash chromatography on silica gel 
(eluant EtOAc:hexane:AcOH 45:55:2 v/v/v). 
HPLC System B t R =l8.2' >98% 
Mass spec (FAB) m/e=636 [M+H]+ 

EXAMPLE 153 ^ 

H O H 3 C^C^ 

153a 

0^ ^ 




*CH, 

153b 



H oh 
153c 

153a (2RM-((lS)-e«<fo-Bornyl)oxycarbonyI-2 J-dihydroindole.2-carboxyUc add. 

This was prepared from ( lSVemfo-borneol on a 2.34 mmol scale following the method 
described for 72a. The product was isolated in 59% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane:AcOH 35:65:2 v/v/v). 

153b Methyl (3R)-2-{(2R^S)-M(2RM-((lS)-«idb-boray 

dihydroindole-2^^bonyl)-5-pheny|.pyrrolldine-2-carbonyl}-l^ t 4. 

tetrahydroisoquinoline-3-carboxyiate. 

This was prepared from 68a and 153a on a 0.28 mmol scale following the method 
described for 79d. The product was isolated in 66% yield after flash chromatography on 
silica gel (eluant EtOAc:hexarie 35:65 v/v). 
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R f (EtOAc:hexane 35:65 v/v) 0.28 

153c (3R)-2-{(2R^S)-l-((2R)-I-((lS)-e^ 

carbonyl)-5-phenyJ-pyrrolidine-2-carfaonyl}-123,4-tetrahydroisoquinoiine-3- 
carboxylicadd. 

This was prepared from 153b on a 0.19 mraot scale following the method described for 
If. The product was isolated in 47% yield (62 ragj after flash chromatography on silica gel 
teluant EtOAc:hexane:AcOH 45:55:2 v/v/v). 
HPLC System B t R =20.6* >95% 
Mass spec (FAB) ra/e=676 [M+H] + 

EXAMPLE 154 





OH 

o 



154a 



H 3 C 
H^C " 




9^, ^SK 



T 

°*CH 3 OH 

154b 154c 

154a (2R)-l-((lR^RJR^S)-Isopinocampheyl)oxycarbonyl-23-dihydroindole-2- 
carboxylicarid. 

This was prepared from (lR,2R,3R5S)-isopinocarapheol on a 2.34 mmol scale following 
the method described for 72a. The product was isolated in 57% yield after flash 
chromatography on silica gel (eluant EtOAc:hexane:AcOH 35:65:2 v/v/v). 
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154b Methyl (3R)-2-{(2R5S)-l-((2R)-l-((lRJUL3&5S). 

isopinocampheyl)oxycarbonyl-23^hydroindole-2-carbonyO 

carbonyi}-l,23,4-tetrahydroisoquinoline-3-carboxylate. 

This was prepared from 68a and 154a on a 0.28 mmol scale following the method 
described for 79d. The product was isolated in 70% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 35:65 v/v). 
R f (EtOAc:hexane 35:65 v/v) 0.28 

154c (3R)-2-{(2R4S).l-((2R).l.((lR2IWR3S)-Isopinocampheyl)oxycarbonyl.2^. 
daydromdole-2-carbonyl)-5-phenyI-pyrroiidine-2-carbonyl}-l^,4- 
tetrahydroisoquinoline-3-carboxylic add. 

This was prepared from 154b on a 0.20 mmol scale following the method described for 
If. The product was isolated in 53% yield (73 mg) after flash chromatography on silica gel 
(eluant EtOAc±exane:AcOH 45:55:2 v/v/v). 
HPLC System B t R =21.0' >95% 
Mass spec (FAB) m/e=676 [M+H]+ 

EXAMPLE 155 
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155a (2RM-((lS3S3S,5RVIsopinocam^ 
carboxyiicadd* 

This was prepared from < IS^S3S JR)-isopinocampheol on a 2,34 mmol scale following 
the method described for 72a The product was isolated in 69% yield after flash 
chromatography on silica gel (eluant EtOAc:hexane:AcOH 35:65:2 v/v/v). 

155b Methyl (3R)-2-{(2R^S)-l-((2R)-M^ 

23-dihydroindole-2-carbonyl)-5-phenyi-py^ 

tetrahydroisoquinoline-3-carboxyiate. 

This was prepared from 68a and 155a on a 0.28 mmol scale following the method 
described for 79d. The product was isolated in 75% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 35:65 v/v). 
R f (EtOAc:hexane 35:65 v/v) 0.27 

155c (3R>2-{(2R£S)-l-((2RM-a^ 

dihydroindole-2-carbonyl)-5-phenyl.pyiTolidine-2-carbonyl}-1^3»4- 
tetrahydroisoquinoline-3-carboxylic add. 

This was prepared from 155b on a 0*21 mmol scale following the method described for 
If. The product was isolated in 39% yield (56 mg) after flash chromatography on silica gel 
(eluant EtOAchexanerAcOH 45:55:2 v/v/v). 
HPLC System B t R -213 r >98% 
Mass spec (FAB) m/e=676 [M+H] + 

EXAMPLE 156 




156a 156b 
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156a Methyl (3R).2-{(2R^S)-H(2R)-M3 t 3-dimethylbutyl)oxycarbonyl-2JJ- 

dihydroindoIe-2-carbonyl)-5-phenyl-pyrroiidine-2-carbonyl}-l,2^,4- 

tetrahydroisoquinoline-3-acetate. 

This was prepared from 78a and 151a on a 0.30 mmol scale following the method 
described for 79d. The product was isolated in 717c yield after flash chromatography on 
silica gel (eluant EtOAcrhexane 35:65 v/v). 
R f (EtOAcmexane 50:50 v/v) 0.49 

156b (3R)-2-{(2R^SM-((2RM-(3,3-Dimethylbuty^^^ 

carbonyI)-5-phenyl-pyrrolidtae-2<arbo^ 

add. 

This was prepared from 156a on a 0.23 mmol scale following the method described for 
If. The product was isolated in 44% yield (65 rag) after flash chromatography on silica gel 
(eluant EtOAc:hexane:AcOH 45:55:2 v/v/v). 
HPLC System B ^=19.0' >98% 
Mass spec (FAB) m/e=660 [M+Na] + 



EXAMPLE 157 





O 




a, 8 



OH 



157a 



157b 




WO 93/20099 



PCT/GB93/00614 



214 

157a Methyl (2R)-l-(l-pipericUnoica^^ 

This was prepared from piperidine on a 1.64 mmoi scale following the method described 
for 72a but without the final hydrolysis. The product was isolated in 44% yield after flash 
chromatography on silica gel (eluant EtOAcrhexane 30:70 v/v). 
R f (ElOAcrhexane 30:70 v/v) 0.14 

157b (2RM-(l-Piperictino)carbonyl^ add. 

This was prepared from 157a on a 0.71 ramol scale following the method described for 
If. The product was isolated in 72% yield and used without purification. 

157c Methyl (3R)-2-{(2R.5S)-M(2R)-^ 

carbonyl)-5-phenyl-pyirolidin^ 

carboxylate. 

This was prepared from 68a and 157b on a 0.51 mmol scale following the method 
described for 79d. The product was isolated in 54% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 70:30 v/v). 
R f (EtOAc:hexane 70:30 v/v) 0-16 

157d (3RV2-{(2R3SM-((2RM-(1-Piperi^^ 
carbonyl)-5-phenyl-pyrroiidine-2-carto 
carboxylic acid. 

This was prepared from 157c on a 0.28 mmol scale following the method described for 
If. The product was isolated in 18% yield (30 mg) after flash chromatography on silica gel 
(eluant EtOAcrAcOH 100:2 v/v). 
HPLC System B t R =!4.9' >98% 
Mass spec (FAB) ra/e=607 [M+H]+ 
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158d 



158a Methyl (2R)-l-(N^ydohexyI-N-methy^ 
carboxylate. 

This was prepared from N-methyl-cyclohexylamine on a 1.64 mmoi scale following the 
method described for 157a. The product was isolated in 25% yield after flash 
chromatography on silica gel (eluant EtOAc:hexane 15:85 v/v). 
R f (EtOAc:hexane 30:70 v/v) 0.20 

158b (2R)-l.(N-CycIohexyl-N-methylcarbainoyl).2 3-dihydroindoIe-2-carboxylic acicL 
This was prepared from 158a on a 0.60 mmol scale following the method described for 
If. The product was isolated in 67% yield and used without purification. 

158c Methyl (3R)-2-{(2R3S).M(2R)-HN^^ 

dihydroindole-2-carbonyl)-5-phenyl-pyrrolidine-2.carbonyI}-l^,4. 

tetrahydroisoquinoline-3-carboxylate. 

This was prepared from 68a and 158b on a 0.40 mmol scale following the method 
described for 79d. The product was isolated in 72% yield after flash chromatography on 
silica gel (eluant EtOAchexane 55:45 v/v). 
R f (EtOAc:hexane 70:30 v/v) 0.25 
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158d (3R)-2-{(2R^S)-l.f(2R)-l-(N.Cyciohexyl-N.methylcarbanioyi).2J- 
dihydroindole-2-carbonyl)-5-phenyl-pyrrolidine-2-carbonyl}-U3.4- 
tetrahydroisoquinoline-3-carboxyiic acid. 

This was prepared rrom 158c on a 0.29 raraol scale following the method described for 
If. The product was isolated in 33% yield (60 mg) alter flash chromatography on silica gel 
(eluant EtOAc±exane:AcOH 85:15:2 v/v/v). 
HPLC System B t R =17.6' >99% 
Mass spec (FAB) m/e=635 [M+H1+ 
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EXAMPLE 159 




159a Methyl (2R)-l.(4-tert-butylcyclohexyl)oxycarbonyI-23-dihydroindole-2- 
carboxyiate. 

This was prepared from 4-ft?rr-butylcyclohexanol on a 1.64 ramol scale following the 
method described for 157a. The product was isolated in 50% yield after flash 
chromatography on silica gel (eluant EtOAc:hexane:AcOH 20:80:2 v/v/v). 
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159b (2R)-M4-/m-Butylcydohexyi)oxycarbony acid. 

This was prepared from I59a on a 0.82 mraol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

159c Ethyl (2R3S)-l-((2R).l.(4^m-b^ 
2-carbonyI)-5*phenyi-pyrrolidine-2-carboxyiate. 

This was prepared from 30a and 159b on a 0.82 mmol scale following the method 
described for Id. The product was isolated in 34% yield after flash chromatography on 
silica gel (eluant EtOAcrhexane 20:80 v/v). 
R f (EtOAcchexane 40:60 v/v) 0.46 

159d (2R^S)-l-((2R).l-(4^ 
carbonyl)-5-phenyI-pyrrolidine-2-carboxylic acid. 

This was prepared from 159c on a 0.28 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

159e Methyl (3R)-2.{(2R^S)-I-((2R)-M^ 

dihydroindoIe-2H^urbonyi)-5-phenyl-pyrroiidine-2-carbonyl}-l 9 23.4* 

tetrahydroisoquinoIine-3^arboxylate. 

This was prepared from 26a and 159d on a 0.28 mmol scale following the method 
described for Id. The product was isolated in 93% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 30:70 v/v). 

159f (3R)-2-{(2R^SM-((2R)-l-(4-te^ 
dmydroindoIe-2^rbonyl)-5-phenyl-pyrrolidine-2-carbonyl}-l ? 23,4* 
tetrahydroisoquinoline-3-carboxylic add. 

This was prepared from 159e on a 0.26 mmol scale following the method described for 
If. The product was isolated in 35% yield (62 rag) after flash chromatography on silica gel 
(eluant EtOAc:hexane: AcOH 65:35:2 v/v/v). 
HPLC System B t R =23.0' >95% 
Mass spec (FAB) m/e=678 [M+H1+ 
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EXAMPLE 160 





n'-'Y *CH 3 

H 0 



160a 160b 



160C 



160d 



160a Methyl (2R)-l.(2<«r.methyl<ydohexyl)oxycarboiiyl.2^^hydroindole-2- 
carboxylate. 

This was prepared from (±)-2-dr-methylcydohexanoi on a 3.28 ramoi scale following the 
method described for 157a. The product was isolated in 51% yield after flash 
chromatography on silica gel (eluant EtOAcihexane 20:80 v/v). 
R f (EtOAc:hexane 30:70 v/v) 0.41 

160b GRM^fr-MethylcydohexyOoxycarbonyi-^ 
add. 

This was prepared from 160a on a 1.66 mmol scale following the method described for 
If. The product was isolated in 23% yield and used without purification. 

160c Methyl (3R)-2-{(2R4S).l.((2R)-l.(2^ts.methyicydohexyl)oxycarbonyl.23. 

dmydroindole-2<ari}onyl)-5-phenyl*pyrroUdine>2Harbonyl}-l^ t 3 > 4. 

tetrahydroisoquinoline-3-carboxylate. 

This was prepared from 68a and 160b on a 0.38 mmol scale following the method 
described for 79d. The product was isolated in 25% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane:AcOH 25:75:1 v/v/v). 
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160d (3R)-2-{(2R^S)-l-((2R>l-(2-c«-Methylcyclohexyl)oxycarbonyl-23- 

dihydroindole-2^^bonyi)-5-phe^ 

tetrahydroisoquinoline-3-carboxyiic acid. 

This was prepared from 160c on a 0.09 mmol scale following the method described for 
If. The product was isolated in 48% yield (29 mg) alter flash chromatography on silica gel 
(eluant EtOAcdiexanerAcOH 70:30:2 v/v/v). 
HPLC System A t R =18.0' >98% 
Mass spec (FAB) ra/e=636 [M+H] + 

EXAMPLE 161 




161c 161d 

161a Methyl (2R)-l-(2-fratts-methylcydohexyl)oxycarbonyI-2J-dihydroindole-2- 
carboxylate. 

This was prepared from (±)-2-fra/w-methyicyclohexanol on a 1.64 mmol scale following 
the method described for 157a. The product was isolated in 28% yield after flash 
chromatography on silica gel (eluant EtOAchexane 20:80 v/v). 
R f (EtOAcmexane 30:70 v/v) 0.41 
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161b (2R)-l-(2-to7/w-Methylcydohexyl)oxy<^bonyi-23^ 
acid. 

This was prepared from 161a on a 0.45 mmol scale Mowing the method described for 
If. The product was isolated in 44% yield and used without purification. 

161c Methyl (3R)-2-{(2R^S)-l.((2R).l-(2./rfli».methylcyclohexyl)oxycarbonyl-2J. 

dihydroindole-2-carbonyl)-5-phenyl>pyrrolidine'2^arbonyi}-l^ > 3,4. 

tetrahydroisoquinoIine-3-carboxylate. 

This was prepared from 68a and 161b on a 0.20 mmol scale following the method 
described for 79d. The product was isolated in 42% yield after flash chromatography on 
silica gel (eluant EtOAcrhexane: AcOH 25:75: 1 v/v/v). 

161d (3R)-2-{(2R^S)-l<(2R)-l.(2^aiw-Methylcydohexyl)oxycarbonyl.2J. 
dihydroindole-2-carbonyl)-5-phenyi-pyrrolidine-2-carbonyl}-l^,4. 
tetrahydroisoquinoiine-3-carboxyIic add. 

This was prepared from 161c on a 0.08 mmol scale following the method described for 
If. The product was isolated in 38% yield (20 mg) after flash chromatography on silica gd 
(eluant EtOAc:hexane:AcOH 65:35:2 v/v/v). 
HPLC System B t R =18.4' >98% 
Mass spec (FAB) m/e=636 [M+H]+ 
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I62a Methyl (2R)-l-(3<ydohexylpropyI)oxycarbonyl.2J^ydroindole.2. 
carboxylate. 

This was prepared from 3-cyciohexylpropanol on a 1.64 mmol scale following the method 
described for I57a. The product was isolated in 100% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 20:80 v/v). 
R f (EtOAcrhexane 30:70 v/v) 0.49 



162b (2R)-l-(3-Cydohexylpropyl)oxycarbonyl-2 J-dihydroindole-2-carboxylic acid. 

This was prepared from 162a on a 1.64 mmol scale following the method described for 
If. The product was isolated in 60% yield and used without purification. 
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162c Methyl N-phenethyI-N^(2R)-l.(3^ 
dihydroindole*2-carbonyl)-glycinate. 

This was prepared from 32a and 162b on a 0.99 mmol scale following die method 
described for Id. The product was isolated in 82% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane:AcOH 35:65:1 v/v/v). 

162d N-Phenethyl-N-((2R)-W^ 
carbonyl)-giycine. 

This was prepared from 162c on a 0.81 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

162e Methyl (3R)-2-{N-phenethyl-N-((2R)-H^ 
dftydroindole-2-carbonyI)-glycylM^ 

This was prepared from lc and 162d on a 0.81 mmol scale following the method 
described for Id. The product was isolated in 63% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane 40:60 v/v). 
R f (EtOAc:hexane 50:50 v/v) 0.34 

162f (3R)-2-{N-Phenethyl-N^(2RH^ 
dftydroindole-2-carbonyi)-gly^ 

This was prepared from 162e on a 0.51 mmol scale following the method described for 
If. The product was isolated in 51% yield (161 mg) after flash chromatography on silica 
gel (eluant EtOAc:hexane:AcOH 55:45:2 v/v/v). 
HPLC System B t R =21.5' >98% 
Mass spec (FAB) m/e=688 [M+Nal + 
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1636 163f 

163a Methyl (2R)-l-cyclohexylmethyloxycarbonyl-23-dihydroindoIe-2-carbox7late. 

This was prepared from cyclohexanemethanol on a 1.64 ramol scale following the method 
described for 157a. The product was isolated in 78% yield after flash chromatography on 
silica gel (eluant EtOAcrhexane 20:80 v/v). 
R f (EtOAc:hexane 30:70 v/v) 0A9 

163b (2R)-l-Cyclohexylmethyloxycarbonyl-23-dihydroindoIe-2-carboxyUc acid. 

This was prepared from 163a on a 1.27 mmol scale following the method described for 
If. The product was isolated in 55% yield and used without purification. 
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163c Ethyl (2R.5S)- 1 -((2R)- 1-cyclohexylmethyioxycar bonyl-2-3-dihydroindole-2- 
carbonyl)-5-phenyl-pyrrolidine-2-carboxyiate. 

This was prepared from 30a and 163b on a 0.70 ramol scale Mowing the method 
described for Id. The product was isolated in 57% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane:AcOH 25:75:1 v/v/v). 

163d (2R^SH-((2R)-l-CydohexylmethyioxycarbonyW 
S-phenyl-pyrroIidine-2-carboxylic acid. 

This was prepared from 163c on a 0.40 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

163e Methyl (3R>2-{(2R^S)-l-((2R)-l-cyclohexyimethyIoxycarbonyl-23- 

dihydroindole-2-carbonyl)-5-phenyi-pyrrolidine-2-carbonyl}-1^3 f 4- 

tetrahydroisoquinoIine-3-carboxylate. 

This was prepared from 26a and 163d on a 0.40 ramol scale following the method 
described for Id. The product was isolated in 64% yield after flash chromatography on 
silica gel (eluant EtOAc±exane 40:60 v/v). 
R f (EtOAcrhexane 50:50 v/v) 0.40 

163f (3R)-2-{(2R^S)-M(2R)-l-CydohexylmethyloxyOT 

carbonyi)-5-phenyl-pyiTolidine-2-cart^^ 

carboxylic acid. 

This was prepared from 163e on a 0.25 mraol scale following the method described for 
If. The product was isolated in 16% yield (24 mg) after flash chromatography on silica gel 
(eluant EtOAcmexane:AcOH 50:50:2 v/v/v). 
HPLC System B t R =18.8' >98% 
Mass spec (FAB) m/e=636 [M+HJ+ 
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164a Methyl (2R)-l-(2^ydohexyiethyl)oxycarto^ 

This was prepared from 2-cyclohexyiethanol on a 1.64 mmol scale following the method 
described for 157a. The product was isolated in 9 1% yield after flash chromatography on 
silica gel (eluant EtOAcrhexane 20:80 v/v). 
R f (EtOAcrhexane 30:70 v/v) 0.54 



164b (2R)-l-(2-Cydohexylethyl)oxycarbonyl.2^ihydroindole-2-carboxylic add. 

This was prepared from 164a on a 1.50 mmol scale following the method described for 
If. The product was isolated in 55% yield and used without purification. 
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164c Ethyl (2R^S)-l-((2R)4.(2<ydohexylethyl)oxycarbonyI-23.dihydroindole.2. 
carbonyl)-5-phenyi-pyrrolidine-2-carboxylate. 

This was prepared from 30a and 164b on a 0.82 mmol scale following the method 
described for Id. The product was isolated in 56% yield after flash chromatography on 
silica gel (eluant EtOAc:hexane:AcOH 25:75: 1 v/v/v). 

164d (2R3S)-l-((2RMK2-Cydohexylethyl)oxywbonyl.2J-dihydroindole-2. 
carbonyl)-5-phenyl-pyrrolidine-2-carboxyUcadd. 

This was prepared from 164c on a 0.46 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

164e Methyl (3R)-2-{(2IL5S).H(2R).l.(2-cyclohexylethyl)oxycarbonyl.23- 

dmydroindole-2^^bonyl)-5.phenyl-pyrrolidine-2-carbonyl}-lA3,4. 

tetrahydroisoquinoline-3-carboxylate. 

This was prepared from 26a and 164d on a 0.46 mmol scale following the method 
described for Id. The product was isolated in 72% yield after flash chromatography on 
silica gel (eluant EtOAcmexane 40:60 v/v). 
R f (EtOAc:hexane 50:50 v/v) 0.40 

164f (3R)-2.{(2R^S).l.((2R)-l.(2.Cydohexylethyl)oxycarbonyl.2^«hydroindole.2. 

carbonyl)-5-phenyI-pyiToliffln*2<^^ 

carboxylic acid. 

This was prepared from 164e on a 0.33 mmol scale following the method described for 
If. The product was isolated in 16% yield (33 mg) after flash chromatography on silica gel 
(eluant EtOAc:hexane:AcOH 50:50:2 v/v/v). 
HPLC System B t R =21.8' >90% 
Mass spec (FAB) m/e=650 [M+H]+ 



WO 93/20099 



22S 



PCT/GB93/00614 



EXAMPLE 165 

O G 

740 -* o-4 0 ° sty** * -A. 8 



6 





To 

(ye™, 

165a 165b 
165a Methyl NK(3R)-2-{(2R.5SH-((2R)-l-cydohexyloxyca^^ 
2^^bonyi)-5-phenyI-pyrrolidine-2-carbonyl}-12J,4-tetrahydroisoquinoiine-3- 
carbonyl}-prolinate. 

This was prepared from 74c and ProOMe on a 0.08 mmol scale following the method 
described for Id. The product was used without purification, assuming a yield of 100%. 
R f (EtOAcrpet ether 70:30 v/v) 0.22 

165b N-{(3R)-2-{(2R.5S)-l-((2R)-l-CycIohexyloxycarbonyl-2^-dihydroindole-2- 

carbonyl)-5-phenyl-pyrrolidine-2^^bonyi}-l»23.4-tetrahydroisoqiunoline-3- 

carbonylj-proline. 

This was prepared from 165a on a 0.08 mmol scale following the method described for 
If. The product was isolated in 57% yield (3 1 mg) after flash chromatography on silica gel 
(eluantEtOAciAcOH 100:1 v/v). 
HPLC System A t R =15 S >98% 
AAA Peptide content=83% 
Mass spec (FAB) m/e=604, 272 

EXAMPLE 166 



a ^ 0 CCO V COO 



166a 166b 
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166a Methyl N-{(3R)-2-{(2R^S)-i-<(2R)-l-neopentylow 

2-carbonyl)-5-phenyl-pyrrolidine-2-carbonyl}-lJI3 ? 4-tetrahydroisoqiiinoim 
carbonyl}-prolinate. 

This was prepared from 131a on a 0.30 ramol scale Mowing the method described for 
81a. The product was isolated in 32% yield after flash chromatography on silica gel 
(eluant EtOAcrpet. ether 50:50 v/v). 



166b N-{(3R)-2-{(2R^S)-l-((2R)-l.Neopentyloxycarbonyl-2J.dihydroindole-2- 

(^bonyl)-5-phenyl-pyrrolidine-2^rbonyl>l^,4-tetrahydroisoquinoline-3- 
carbonyl}-proline. 

This was prepared from 166a on a 0.10 mmol scale following the method described for 
If. The product was isolated in 89% yield (61 mg) after flash chromatography on silica gel 
(eluant EtOAc:AcOH 100:1 v/v). 
HPLC System A t R =15.1' >98% 
AAA Peptide content=76% 
Mass spec (FAB) m/e=592, 272 



EXAMPLE 167 



1c 



H 3 C ± L l| 



O 




167a 



°^ 0 ° XX) —~ 1 ~ " 



H 3 C-j-CH : 
H 3 C 



V^3 



0 A Q O O^N 



H 3 C-f-CH 3 
H 3 C 




167b 



167c 



WO 93/20099 



PCT/GB93/00614 



230 

167a Methyl (3R)-2^m-butyIoxycarbo^ 
propanoate. 

This was piepared from lb on a 3.6 mmol scale. The ester was hydnolysed following the 
method described for If to give the corresponding acid which was then homologated 
following the method described for lb. The intermediate diazoketone was purified by flash 
chromatography on silica gel (eluant EtOAcrpeL ether 25:75 v/v) and the title product was 
isolated in 22% yield after flash chromatography on silica gel (eluant EtOAcipeL ether 
20:80 v/v)- 

Rf (EtOAc:peL ether 10:90 v/v) 0.12 

IH NMR 8 1.49 (9H,s); 1.6 - 1.9 (2Hjnj; 2.3 (2Rm); 2.63 (lH.ddJ=16,2 Hz); 3.09 
UH.ddJ=I6.6 Hz); 3.64 (3H,s); 4.2 (labr); 4.6 (lH,br); 4.9 (lHJ>r); 7.0 - 7.2 (4Hjn) 

167b Methyl (3R)-2-{(2R^S)-H(2R)-l./m.bu^ 

carbonyI)-5-phenyl-pyiToUdine^ 

propanoate* 

This was prepared from 79b and 167a on a 0.39 mmol scale following the method 
described for 79d. The product was isolated in 71% yield after flash chromatography on 
silica gel (eluant EtOAc:peL ether 30:70 v/v). 
R f (EtOAc:peL ether 30:70 v/v) 0. 13 

167c (3R)-2-{(2R.5S)-l-((2R)-l-^ 
5-phenyi-pyrroIidine-2-carbonyl}-1.23.4-te^ 

This was prepared from 167b on a 0.28 mmol scale following the method described for 
If. The product was isolated in 74% yield f 130 mg) after flash chromatography on silica 
gel (eluant EtOAc:peL ether: AcOH 55:45:1 v/v/v). 
HPLC System A t R =15.4' >98% 
Mass spec (FAB) m/e=624 [M+H1+ 
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168e I68f 



168a 3-MethyIphenethylamine. 

To a stirred solution of 3-methylbenzyl cyanide (1 g, 7.6 mmoi) and CoCl 2 (0.49 g, 3.8 
ramol) in MeOH (20 raL) was added NaBfy (1.2 g, 30.4 mmol) portionwise at room 
temperature. The mixture was stirred for 30 rain then poured onto crushed ice. 10% Aq. 
KHS0 4 was added until the mixture was strongly acidic (pH 2), and the insoluble material 
was removed by filtration through Celite. The filtrate was treated with NaOH pellets until 
basic (pH 10) and extracted once with EtOAc. then twice with CH 2 a 2 . The separate 
extracts were washed with brine, dried over Na 2 S0 4 , combined and evaporated to give the 
title compound (0.60 g, 59%) which was used without purification. 
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168b Methyl N-3-methyIphenethyl-gIycinate. 

This was prepared from 168a on a 4.45 ramol scale Mowing the method described for 
32a. The product was isolated in 6% yield after flash chromatography on silica gel feiuant 
EtOAc). 

I68c Methyl N-3-methylphenethyl-N-((2R)-l^yclohexyIoxycarbonyI-23- 
dihydroindoIe-2-carbonyl)-glycinate. 

This was prepared from 74a and 168b on a 0.26 mmoi scale following the method 
described for Id The product was isolated in 69% yield after flash chromatography on 
silica gel (eluant EtOAc:peL ether 30:70 v/v). 

168d N*3-Methylphenethyl-N-((2R).l.cydohexyIoxycarbonyl.23-dihyd 
carbonyO-glycine. 

This was prepared from 168c on a 0.18 mmoi scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

168e Methyl (3R)-2-{NO-methylphene^ 
dihydroindoIe-2-carbonyl)-^ 

This was prepared from lc and 168d on a 0.18 mmoi scale following the method 
described for Id. The product was isolated in 70% yield after flash chromatography on 
silica gel (eluant EtOAczpet. ether 30:70 v/v). 

168f (3R)-2-{N-3-MethyIphenethyl-^ 

dihydroindote-2-carbonyl)-glycylM 

This was prepared from 168e on a 0.13 mmoi scale following the method described for 
If. The product was isolated in 72% yield C60 mg) after flash chromatography on silica gel 
Ceiuant EtOAcrpeL ethenAcOH 70:30: 1 v/v/v). 
HPLC System A t R =I7.1 T >98% 
Mass spec (FAB) m/e=660 [M+Na] + 
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169e 



169a Methyl N-(2-( l-Methylpyrrol-2-yl)ethyl)-glycinate- 

This was prepared from 2-(l-methylpyrrol-2-yl)ethylamine on a 8.0 mraol scale following 
the method described for 32a. The product was isolated in 27% yield after flash 
chromatography on silica gel (eluant EtOAc:pet ether 70:30 then EtOAc). 

169b Methyl N-(2-(l-Methylpyirol«2-yl)ethyl)^ 
dihydroindoIe-2-carbonyl)-glycinate. 

This was prepared from 74a and 169a on a 2.16 mmol scale following the method 
described for Id. The product was isolated in 34% yield after flash chromatography on 
silica gel (eluant EtOAc:pet ether 40:60 v/v). 
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169c N-(2-(l-MethylpyrroI.2-yl)e^ 
dihydroindole-2-carbonyI)-gIycine. 

This was prepared from 169b on a 0.73 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

169d Methyl (3RV2-{N-(2-(l-MetoyIpy^^ 

cydohexyIoxycarbonyI-23^ihydroin^ 

tetrahydroisoquinoline-3-acetate. 

This was prepared from lc and 169c on a 0.73 mmol scale following the method 
described for Id. The product was isolated in 58% yield after flash chromatography on 
silica gel (eluant EtOAcrpet. ether 40:60 v/v). 

169e (3R)-2-{N-(2-(l-Methy^ 
dihydroindoIe-2-carbonyl)-gIycyl^ 

This was prepared from 169d on a 0.42 mmol scale following the method described for 
If. The product was isolated in 75% yield (197 mg) after flash chromatography on silica 
gel (eluant EtOAcrpeL ethenAcOH 80:20:2 v/v/v). 
HPLC System A ^=15.0' >98% 
Mass spec (FAB) ra/e=627 [M+H]+ 
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170e 170 f 



170a (2-Thienyl)ethylamine. 

This was prepared from 2-thienyIacetonitrile on an 18.6 mmol scale following the method 
described for 168a. The product was isolated in 32% yield and used without purification. 

170b Methyl N-(2-thienyl)ethyl-glycinate. 

This was prepared from 170a on a 5.96 mmol scale following the method described for 
32a. The product was isolated in 35% yield after flash chromatography on silica gel 
(eluantCHa 3 A4eOH:AcOH 30:2:1 v/v/v). 
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170c Methyl N-(2-thienyI)ethvlnN-((2R)-l^ydohexyioxycarbonyl-2J-dihydroindole- 
2-carbonyI)-glydnate. 

This was prepared from 74a and 170b on a 1.05 ramol scale following the method 
described for Id. The product was isolated in 71% yield after flash chromatography on 
silica gel (eluant EtOAc:pet. ether 30:70 v/v). 

170d N^2-Thienyl)ethyI-N-((2RVl^ydohexyIoxycariionyI-2J^hydroindoIe-2- 
carbonyl)-glydne. 

This was prepared from 170c on a 0.75 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

170e Methyl (3R)-2-{N-(2-thienyl)ethyl-N-((2R)-l-cyclobexyloxycarbonyl-2J- 
dmydroindole-2-carbonyl)-glycyl}-1^4-tetrahydroisoquinoline-3-acetate. 

This was prepared from lc and 170d on a 0.75 mmol scale following the method 
described for Id. The product was isolated in 59% yield after flash chromatography on 
silica gel (eluant EtOAc:pet. ether 40:60 v/v). 

170f (3R)-2-{N-(2-Thienyl)ethyl-N-((2RH 
2-carbonyl)-glycyl}- 1^.4-tetrahydroisoquinoline-3-acetic add. 

This was prepared from 170e on a 0.44 mmol scale following the method described for 
If. The product was isolated in 57% yield (157 mg) after flash chromatography on silica 
gel (eluant EtOActpec ethenAcOH 80:20: 1 v/v/v). 
HPLC System A t R =l4.8* >98% 
Mass spec (FAB) m/e=493 [M+H1+ 
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EXAMPLE 171 




171a(2RSV2-Benyloxycarbonylamino-1^3,4-tetrahydronaphthalene. 

To a stirred solution of l,2,3,4-tetrahydtonaphthalene-2^boxyuc acid (3 g, 17 mmol) 
and N-methylmorpholine (2.1 mL, 18.7 mmol) under N 2 was added (PhO) 2 P(0)N 3 (4 mL, 
18.7 mmol) and the mixture was heated at reflux for 2J5 hr then cooled to room 
temperature. Benzyl alcohol (3.7 mL. 34 mmol) was added and the solution was heated at 
reflux overnight, cooled to room temperature, and concentrated in vacuo. The residue was 
taken up in EtOAc and washed successively with aq. KHS0 4 , KHCO3 (twice), water and 
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brine, filtered (Whatman IPS phase separator) and concentrated. The product was isolated 
in 57% yield (4.07 g) after flash chromatography on silica gel (eluant EtOAc:pet. ether 
10:90 v/v) 

171b Methyl N-((2RS)-1^.4-tetrafaydro^ 
giydnate. 

This was prepared from 171a on a 7.1 mmol scale in three steps. The amine was 
deprotected by catalytic hydrogenoiysis over 5% Pd-on-carbon. then alkylated following the 
method described for 32a and finally reprotected with BCX^O following the method 
described for 141c (second part). The product was isolated in 14% yield after flash 
chromatography on silica gel (eluant EtOAcrpet. ether 10:90 v/v). 

171c Methyl N-((2RS)-1^ J^tetrahydronaphth^-yD-glycinate hydrochloride. 

This was prepared from 171b on a 1.0 mmol scale following the method described for lc. 
The product was used without purification, assuming a yield of 100%. 

171d Methyl N.((2RS)-1^3Atetrahydronaphth.2.yl).N-((2R).l. 

cydohexyloxycarbonyl-2j-dihydroindole-2^^bonyl>glycinate. 

This was prepared from 74a and 171c on a 1.0 mmol scale following the 'method 
described for Id. The product was isolated in 48% yield after flash chromatography on 
silica gel (eluant EtOAcrpet ether 30:70 v/v). 

171e N-((2RSM,2^4-Tefrahydro^ 
dihydroindoIe-2<arbonyI)-glycine. 

This was prepared from 171d on a 0.48 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

171f Methyl (3R).2-{N<(2RS).l^,4-tetrahydronaphth-2-yI).N-((2R)-l. 
cydohexyIoxycarbonyI-2,3-cUhydroindole«2K^bonyI)-glycyl}-lA3,4- t 
tetrahydroisoquinoIine-3-acetate. 

This was prepared from lc and 171e on a 0.48 mmol scale following the method 
described for Id. The product was isolated in 52% yield after flash chromatography on 
silica gel (eluant EtOAc:peL ether 30:70 v/v). 
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17 *S (3R)-2.{N-((2RS)-1^3,4-Tetrahydronaphth-2.yl)-N.((2R)- 1- 

cydohexyloxycarbonyK2J-dihydroindoIe'2-carfaonyl).glycyi}.lJL3,4- 
tetrahydroisoquinoline-3-acetic acid. 

This was prepared from 171f on a 0.25 mraoi scale following the method described for if. 
The product was isolated in 60% yield (97 mg} after flash chromatography on silica gel 
teiuant ElOAcrpet. ether: AcOH 45:55: 1 v/v/v). 
HPLC System A t R =l6.8' >957c 
Mass spec (FAB) m/e=650 [M+H1+ 



EXAMPLE 172 
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172a Ethyl (2R)-3.4-dihydro-5-(4.metho^ 

This was prepared from 4-methoxyphenylmagnesium bromide on an 8.0 mmoi scale 
following die method described for 87a. The product was isolated in 82% yield after flash 
chromatography on silica gel (eluani EtOAcrpeL ether 30:70 then 40:60 v/v). 

172b Ethyl (2R»SS)-5-(4.methoxyphenyi)-pyrroiidine-2-carfaoxylate, 

This was prepared from 172a on a 6.6 mmol scale following the method described for 
30a. The product was isolated in 56% yield after flash chromatography on silica gel 
{eluant EtOAc:peu ether 30:70 then 50:50 v/v). 

172c Ethyl (2R^S)-l-((2R)-l*cydohexyioxyc^ 
(4-methoxyphenyi)-pynrolidine-2-carboxyiate. 

This was prepared from 74a and 172b on a 0.69 mmoi scale following the method 
described for Id. The product was isolated in 95% yield after flash chromatography on 
silica gel (eluant EtO Ac.peL ether 30:70 v/v). 

172d (2R.5S)-l-((2RVl-CydohexyIoxycarbonyl-^ 
methoxyphenyI)-pyrrolidine-2-carboxylic add. 

This was prepared from 172c on a 0.65 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

I72e Methyl (3R)-2-{(2R^S)-H(2RM^ydohexyloxycart^ 

carbonyl)-5-(4-methoxyphenyl)-pyrrolidine-2-carbonyl}-1^3A 

tetrahydroisoquinoIine-3-carboxylate. 

This was prepared from 26a and 172d on a 0.32 mmol scale following the method 
described for Id. The product was isolated in 69% yield after flash chromatography on 
silica gel (eluant EtOAc:peL ether 40:60 v/v). 

172f (3R)-2-{(2R^S)-l-((2R)-l-Cydohexy 
(^bonyl)-5-r4-methoxyphenyl)-pyro 
tetrahydroisoquinoline-3-carboxyIic add. 

This was prepared from 172e on a 0.22 mmoi scale following the method described for 
If. The product was isolated in 69% yield (95 mg) after flash chromatography on silica gel 
(eluant EtOAc:AcOH 100:2 v/v). 
HPLC System A t R =l5.4' >9Z% 
Mass spec (FAB) m/e=652 [M+H] + 



WO 93/20099 



PCT/GB93/00614 



241 

EXAMPLE 173 

00-- — QVrV — * 

H O 

173a 




173d 173e 



173a Methyl N-(indan-2-y I )- glycinate. 

This was prepared from indan-2-amine on an 8.0 mmoi scale following the method 
described for 32a. The product was isolated in 44% yield after flash chromatography on 
silica gel (eluant EtO Ac ). 



WO 93/20099 



PCT/GB93/00614 



242 

173b Methyl N-findan-2 % vl)-N-<(2R)-l-cydohexy^^ 
carbonyO-giycinate. 

This was prepared from 74a and I73a on a 0.69 mmoi scale following the method 
described for Id. The product was isolated in 80% yield after flash chromatography on 
silica gel (eluant EtOAcrpeL ether 30:70 v/v). 

I73c N^Indan-2-yl)-N-((2R)-l^ydohexyioxyca^ 
glycine. 

This was prepared from 173b on a 0.55 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

173d Methyl (3R)-2-{N-(indan-2^ 
dihydroindole-2-carbonyI)-gIycyl}-l^ 

This was prepared from 1c and I73c on a 0.27 mmol scale following the method 
described for Id. The product was isolated in 73% yield after flash chromatography on 
silica gel (eluant EtOAc:peL ether 40:60 v/v). 

173e (3R)«2-{N-(Indan-2^vl)-N^ 

<^bonyl)-gIycyI}-l^J5.4-tetrahydroisoquinoiine-3-aceticaci(L 

This was prepared from 173d on a 0.20 mmol scale following the method described for 
If. The product was isolated in ??% yield (75 mg> after flash chromatography on silica gel 
{eluant EtOAcrpet eihenAcOH 80:20:2 v/v/v). 
HPLC System A t R =15.8' >98% 
Mass spec (FAB) m/e=658 [M+H1+ 
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EXAMPLE 174 




174a Methyl N-(2-cydohexylettiyl)-N-(N-/e^-butyloxycarbonyi-phenyialanyl>- 
glycinate. 

This was prepared from 32b and BOCPheOH on a 2.0 ramol scale following the method 
described for Id. The product was isolated in 93% yield after flash chromatography on 
silica gel feluant EtOAcrpet. ether 25:75 v/v). 

174b Methyl N-(2-cyciohexyieUiyl)^N^N-(3-indoleacetyl).phenylalanyl)-glycinate. 

This was prepared from 174a on a 1.86 mmol scale following the method described for 
32d. The product was isolated in 527c yield after flash chromatography on silica gel 
(eluant EtOAc:peL ether: AcOH 65:35:1 v/v/v). 
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174cN^2-Cyciohexylethyl)-NWN-(3-indoleacetyl)-phenyIalanyl)-glycine. 

This was prepared from 174b on a U.48 mmol scale following the method described for 
34. The product was used without purification, assuming a yield of 1009F. 

174d Methyl l-{N-(2-cyclohexylethyI)-N-(N-(34ndoleace^ 
prolinate. 

This was prepared from 174c and D-ProOMe on a 0.48 mmol scale following the method 
described for 34. The product was isolated in 42% yield after flash chromatography on 
silica gel (eluant EtOAc). 

174el-{N-(2-Cyclohexylethyl)-N-(N-f3-indoleacetyl).phenylalanyl)-glycyl}-D-proiine. 

This was prepared from 174d on a 0.20 mmol scale following the method described for 
If. The product was isolated in 6 17c yield (72 mg) after flash chromatography on silica gel 
(eluant CHCl 3 :MeOH:AcOH 35:2:1 v/v/v). 
HPLC System B t R =10.4* >95% 
AAA Phe 0.98: Pro 1.02: Peptide content=87% 
Mass spec (FAB) m/e=587 [M+H]+ 

EXAMPLE 175 




175c 



175d 
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17Sa Methyl N-(2-cycJohexylethyl)-N.((2S)-2-(3-indoleacetylainino)-4- 

phenylbutanoyD-glycinate. 

This was prepared from 46a on a 1.74 mmoi scale following the method described for 
32d. The product was isolated in 61% yield after flash chromatography on silica gel 
ieluant ElOAcrpeL ethenAcOH 65:35:1 v/v/v). 

175b N-(2-CycJohexylethyl)-N-f(2S)-2.(3.indoleacetylainino)-4-phenylbutanoyl)- 
glycine. 

This was prepared from 175a on a 0.53 mmol scale following the method described for 
If. The product was used without purification, assuming a yield of 100%. 

175c Methyl l-{N.(2-cyclohexylethyl)-N-((2S)-2-(3.1ndoleacetylamino)-4- 
phenylbutanoyl)-glycyl}-D-prolinate. 

This was prepared from 175b and D-ProOMe on a 0.53 mmol scale following the method 
described for 34. The product was isolated in 39% yield after flash chromatography on 
silica gel (eluant EtOAc). 

175d l-{N-(2-Cydohexylethyl)-N^(2S)-2.(3-indoleacetylainino)-t-phenylbutanoyI)- 
glycyl}-D-proline. 

This was prepared from 175c on a 0.29 mmol scale following the method described for 
If. The product was isolated in 67% yield (1 16 mg) after flash chromatography on silica 
gel (eluant CHCl 3 :MeOH:AcOH 35:2:1 v/v/v). 
HPLC System B t R =15.8' >98% 
AAA Hph 1.04: Pro 0:96; Peptide content=93% 
Mass spec (FAB) m/e=623 [M+Nal+ 

BIOLOGICAL TESTING 

The compounds of the present invention arc potent ligands for the CCK-A and/or CCK- 
B receptors. Those which are antagonists at the CCK-B receptor also inhibit gastric acid 
secretion stimulated by pentagastrin. The methods for measuring these activities are 
described below: 
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Measurement of binding affinity for CCK-A receptors 

The pancreas of an SD raL was homogenized in a 20-fold volume of 50 raM Tris-HCl 
buffer (pH 7.7) by the use of a Polytrone-type homogenizes the homogenate was twice 
centrifuged for 10 minutes at 50000 g by the use of an ultra-centrifuge, the precipitate thus 
obtained was suspended in a 40-tbid volume of 50 mM Tris-HCI buffer (containing 0.27c 
BSA. 5 mM MgCU. 0.1 mg/mi bacitracin and 5 mM DTT: pH 7.7), and the suspension 
was stored at -80°C until the membrane preparations were required. 

The membrane preparations were then warmed to room temperature, diluted 1:10 with 
the buffer and incubated at 37°C for 30 minutes in the presence of [ 3 H]L-364.718 and the 
test compound then separated by suction filtration. Non-specific binding was determined 
in the presence of 1 jiM L-364.718. The amount of labelled ligand bound to the receptor 
was measured by the use of a liquid scintillation counter, IC ;o values were determined, 
being that concentration of test compound required to inhibit specific binding by 50%. 

Measurement of binding affinity for CCK-B receptors 

About 100 SD rats were decapitated without anaesthesia, the whole brain was 
immediately excised from each of the rats and homogenized in 10-fold volume of 0.32 M 
aqueous solution of sucrose by the use of a Teflon-coated homogenizer, the homogenate 
thus obtained was centrifuged for 10 minutes at 900 g by the use of a cooled centrifuge, 
and the supernatant was further centrifuged for 15 minutes at 11500 g. The precipitate 
thus obtained was dispersed in 50 mM Tris-HCl buffer (pH 7.4) containing 0.08% Triton 
X-100, this suspension was allowed to stand for 30 minutes and again centrifuged for 15 
minutes at 11500 g. the precipitate thus obtained was washed twice with 5 mM Tris-HCI 
buffer and twice with 50 mM Tris-HCl buffer in that order with centrifugal separation, the 
washed precipitate was suspended in 50 mM Tris-HCI buffer, and the suspension thus 
obtained was stored at -80°C until the membrane preparation was required. 

The membrane preparations were warmed to room temperature, diluted with 10 mM 
HEPES buffer (containing 130 mM, NaCI, 5 mM MgCU, ImM EGTA and 0.25 mg/ml 
bacitracin: pH 6.5) and incubated at 25°C for 120 minutes in the presence of [ l25 I]BH- 
CCK-8 and the test compound, then separated by suction filtration. Non-specific binding 
was determined in the presence of 1 jiM CCK-8. The amount of labelled ligand bound to 
the receptor was measured by the use of a y-counter; IC 50 values were determined, being 
that concentration of test compound required to inhibit specific binding by 50%. 
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Table 1 summarises CCK-A and CCK-B binding data tor representative examples of the 
preferred compounds: 

Table 1 

Example N", Recftntnr himiing afYinitv TP. n fnMl 





CCK-A 


CCK-B 


I 


170 


''O 


2 




i a 


3 


430 




11 


>10 000 


7fiA 


16 


7 7nn 


4oU 


17 


in aaa 


270 


18 

A. o 


a <aa 


^OA 




i <aa 


29U 


^1 

mm 1 


^ i a aaa 


140 




>». i a nnn 
>lU t UUU 


1 f\f\ 

190 




4.7 


22 


^n 


X600 


100 


1 1 


2J00 


18 


36 


> 10.000 


2.3 


45 


> 10.000 


30 


69 


> 10.000 


39 


74 


> 10.000 


L0 


75 


> 10,000 


0.87 


•85 


> 10.000 


9.0 


89 


> 10.000 


1.9 


97 


> 10,000 


16 


107 


> 10.000 


56 


127 


> 10.000 


800 


131 


> 10.000 


0.25 


136 . 


> 10,000 


20 


141 


> 10.000 


4.7 


146 


> 10.000 


9.3 


152 


> 10.000 


2.9 


153 


> 1 0.000 


L0 
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Table 1 (conn 

ExamPig N", Recenmr binding affinity fC„ r mM) 





CCK-A 


CCK-B 


160 


>10.000 


8.8 


165 


> 10.000 


1.0 


171 


> 10.000 


8.7 


174 


>10.000 


0.94 



Measurement of inhibition of pentagastrin-stimulated gastric acid secretion in rat 

A cannula was inserted into the trachea of a rat anaesthetised with urethane 
tintraperitoneally administered. 1.25 g/Kg), its abdominal wall was incised to expose the 
gastric and duodenal portions, and a polyethylene cannula was set in the anterior stomach 
after ligation of the cardia. The duodenum was then subjected to slight section, a 
polyethylene cannula was inserted from the incised portion toward the stomach, and the 
pylorus was ligated to fix the cannula. 

Physiological saline (with pH adjusted to 7.0) was perfused from the anterior stomach 
toward the pylorus at a rate of 3 ml/min. and the gastric-acid secretion was measured by 
continuous titration of the perfusate by the use of a pH-stat (AUT-201; product of Toa 
Electronics. Ltd.). The continuous titration was carried out by using 25 mM NaOH 
solution until the pH reached 7.0. and the result was expressed as the amount of gastric 
acid secreted for every 10 minutes (mE^/lO min.). Pentagastrin was intravenously 
administered at a rate of 15 jig/Kg/hr. 

The secretion of gastric acid increased upon administration of pentagastrin, reaching the 
maximum level after 60 minutes and stably maintaining this level after that. A test drug 
was then intravenously administered, and the secretion of gastric acid was measured: ED 50 
values were determined, being the amount of the drug required to reduce the amount of 
secreted gastric acid down to 50% of the maximum level. 

Table 2 illustrates representative ED ;o values. It can be seen that compounds of the 
present invention show a substantial advantage over previously reported gastrin 
antagonists. 
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Table 2 



Compound of Example 281 of US 

Patent No. 4.820,834 (L-365.260) 4.2 



Compound of Example 20 of 

European Patent No. 0,405,537 Al 

(PD-134308) 2.1 

Compound of Example 74 0.74 

Compound of Example 153 0.20 

The experiments described above demonstrate that the compounds of the present 
invention are high affinity ligands for the CCK-A and/or the CCK-B receptor, and that 
those which preferentially bind to the CCK-B receptor can inhibit the stimulation of 
gastric acid release due to pentagastrin. They are therefore useful in the treatment of 
disease states in which the CCK-A, CCK-B or gastrin receptor is implicated as a mediating 
factor. 

In the case of the CCK-A receptor such disease states would include pancreatitis, 
disorders of gastrointestinal motility, irritable bowel syndrome, and CCK-dependent 
tumours. 

In the case of the CCK-B receptor such disease states would include disorders of the 
central nervous system such as anxiety, psychoses. Parkinson's disease, Tourette's 
syndrome, Huntingdon's chorea, and neural damage following ischaemia (for example 
after a stroke). 

In the case of the gastrin receptor such disease states would include disorders of the 
gastro-intestinal system, for example gastric and duodenal ulceration, gastritis, reflux 
esophagitis, Zollinger-Ellison syndrome, gastrin-sensitive pancreatitis, and gastrin- 
sensitive tumors. 

The compounds of the invention can also be used in the control of appetite and pain 
(including the potentiation of opiate analgesia). 

The compounds of this invention and salts thereof can be administered orally (including 
sublingual administration) or parenterally in the form of tablets, powders, capsules, pills, 
liquids, injections, suppositories, ointments and adhesive plasters. 
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The carrier and excipiem for pharmaceuucai manufacturing can be a solid or liquid, 
nontoxic medicinal substance, such as lactose, magnesium stearate. starch, talc, gelatin, 
agar, pectin, gum arabic. olive oil. sesame nil. cocoa butter, ethylene glycol and other 
commonly employed materials. 

Examples of formulations using the compounds of this invention are described below. 

Preparation of 20 mg-tablets 

Compound of Example 4 (100 g>, lactose i367 g) and corn starch (90g) were 
homogeneously mixed together by the use of a flow granulating coater (product of 
Ohgawara Seisakusho), 10% aqueous solution of hydroxypropyicellulose (200 g) was 
sprayed into the mixture, and granulation was then performed. After drying, the granules 
were filtered through a 20-mesh sieve. 20 g of carboxymethylceilulose Ca and 3 g of 
magnesium stearate were then added, and the mixture was treated in a rotary tablet 
machine equipped with a pestle of 7 ram x 8.4 R (product of Hata Tekkosho), thus 
producing tablets each weighing 120 mg. 

Preparation of 40 mg-tablets 

Compound of Example 4 (140 g), lactose (280 g) and corn starch (70g) were 
homogeneously mixed together by the use of a flow granulating coater (product of 
Ohgawara Seisakusho). 10% aqueous solution of hydroxypropyicellulose (175 g) was 
sprayed into the mixture, and granulation was then performed. After drying, the granules 
were filtered through a 20-mesh sieve, 14.7 g of carboxymethylceilulose Ca and 2.8 g of 
magnesium stearate were then added, and the mixture was treated in a rotary tablet 
machine equipped with a pestle of 7.5 mm x 9R (product of Hata Tekkosho), thus 
producing tablets each weighing 150 rag. 

The clinical dosage of the compounds of this invention will be determined by the 
physician taking into account the precise illness, and the body weight, age, sex. medical 
history and other factors of the patient to be treated. In general the dosage when 
administered orally will be between I and 1000 mg/day in either a single dose or sub- 
divided into smaller multiple doses. 
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CLAIMS 

1. Compounds of general fonnula I. or pharmaceutically acceptable salts thereof: 
A - B - C i 

wherein: 
Ais 




R 2 vm R 2 



or an o-amino acid residue containing an aromatic side-chain (e.g. JL-Trp, L-Hph, 
L-Phe, L-Phg, D-Trp, D-Hph, D-Phe, D-Phg) which is optionally substimted at the 
N-terminal amino group; the N-terminal substituent is selected from R 2 . 
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Bis 



R 7 R 8 X 2 

/x II 
-NHCH 2 ) C (CH 2 ) r C-(CH 2 )- 

R 6 
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N 

h 

xvii xvm 

D (in the exemplifications of C showing it) is absent, any a-amino or imino acid 
residue, any N-methylated a-amino acid residue. P-alanine; 





XIX XX 



R l is -H, halo. -OH, -C0 2 H, -CF 3 , -N0 2 , -CN, CH 3 , lower alkoxy (C t - C 3 , linear or 
branched), lower alkylcarbonyl (Cj - C 3 , linear or branched), phenylcarbonyl; 

R 2 is absent, H, alkyl (C { - C i0 , linear, branched or cyclic), unsubstituted or 
substituted phenylmethyl (substituents are 1 or 2 of halo, -OH, -CO2H, -CF 3 , -N0 2 , 
-CN, -CH 3 , or -OCH 3 ), -CSR 19 , -COR 1 *, -C0 2 R 19 , -CONR l9 R 2 ° -CHaO^R 19 , 
-CH 2 COR 19 , -S02R 19 ; 

R 3 and R 4 are independently selected from R 1 , but when situated on adjacent carbons' 
may form an unsubstituted fused aromatic carbocyclic or heterocyclic ring; 

R 5 is H, -OH, lower alkyl (Cj - Q, linear or branched) lower alkoxy (C t * C 6 , linear 
or branched), substituted or unsubstituted phenyl or phenylmethyl or phenylmethoxy 
(substituents are 1 or 2 of halo, -CH 3 , -OCH 3 . -OOzH. -NO* -CF 3 or -OH), 
cyclohexyl, cyclohexylmeihyl, cyclohexylmethoxy, 

R 6 is H, -(CH^-XMCH^-R 21 . 1-indanyl, 2-indanyl, 1,2,3,4-tetrahydronaphth-l-yl, 
or l,2,3,4-tetrahydronaphth-2-yl; 
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R 7 is H. methyl, or together with R 8 forms a saturated, unsubsdmted. cycloalkyi ring 
(C 3 -C 6 ); 

R 8 is H, ten-butyl, cycioalkyl (C 3 - C 8 ), substituted or unsubsdmted phenyi 
fsubstituents are 1 or 2 of halo, -CN, -CH 3 , -OCH 3 , -CO>H -NO* -CF 3 or -OH), the 
side chain of a naturally occurring a-amino acid, -CHR 2 ^ 23 , or together with R 7 
forms a saturated unsubsdmted cycioalkyl ring (C 3 - C$); 

R 9 and R 10 are independendy selected from R 3 , phenylthio. phenoxy, 1-napthyl, 
2-napthyl, or when situated on adjacent carbons may together form a fused benzene 
ring; 

R" and R 12 are independendy H, halo. -OH -NO,, -C^H, -CF 3 , -CH 3 , -OCH 3 , 
phenyl, or together when on adjacent carbons R u and R 12 may form a second 
benzene ring; 

R 13 and R 14 are independendy chosen from H, halo, -OH, -N0 2 , -CF 3 , -CH 3 , -OCH 3 , 
-(CH2) m C0 2 H, -(CH 2 ) ra CONH 2> -(CH^COoCHj, -(CH^SO^ or together when 
situated on adjacent carbons R 13 and R 14 may form a second fused benzene ring; 

R 15 is H, lower alkyl (Cj - C 6 , linear or branched), substituted or unsubsdmted phenyi 
orphenylmethyl {subsdtuents are 1 or 2 of halo, -CH 3 , -OCH 3 , -C0 2 H -NCk, -CF 3 , 
-CN or -OH); or 

X 3 X 3 

II II 
-(CH 2 )-C-D-R 18 , -CH=CH-C-D-R 18 

XXI xxn 
where the double bond may be either of cis or trans disposition: 
R 16 is defined as R 5 ; 

R 17 is H, di-lower alkyl (& - C4) methyl, cycioalkyl (C 3 - Ci 0 ), -O-cycloalkyl (C 3 - 
C l0 ), -S-cycloalkyl (C 3 - C I0 ), -S0 2 -cycloalkyl (C 3 - C 10 ), -1-adamantyl, 
-2-adamantyl, unsubstituted or substimted phenyl (subsdtuents are 1 or 2 of halo, 
-CH 3 , -OCH 3 , -C0 2 H. -N0 2 , -CF 3 or -OH); 
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R 18 is -H, -OH. -C0 2 H, -C0 2 CH 3 , alkyl (Cj - C^, linear or branched), cycloalkyl (C 3 - 
C 7 ), alkoxy (C, - C 6 , linear or branched), phenyimethyl, phenylmethoxy, NR^R 25 ; 

R 19 and R 20 are independendy selected from H, alkyl (Q - C 12 , linear or branched), 
cycloalkyl (C 3 - CgMCHj),,- or polycycloalkyl (C 3 - C 12 )-(CH2) n - where said cyclic 
or said polycyclic group may be further substituted by up to four subsrituenis 
independendy selected from Q - C 3 alkyl; substituted or unsubstituted 
phenyKCH^- (substitutents may be 1 or 2 from halo, -CH 3 , -OCH 3 , -C0 2 H, -N0 2 , 
-CF 3 or -OH), 1-adamamyl, 2-adamantyl, heterocycloalkyl (3-8 membered ring, 
where heteroatoms are 1 or 2 of -NR 26 -, -O-. -S-, -SO2-), or together R 19 and R 20 in 
combination with the N of an NR^R 20 group may form a 3-8 membered heterocyclic 
ring; 

R 21 is branched alkyl (C 3 - C 8 ), cycloalkyl (C 3 - Q), unsubstituted or substituted 
phenyl (substituents are 1 or 2 of halo, -CF 3 , -COjH, alkyl (Ci - Cj, linear or 
branched), alkoxy - C 5 , linear or branched), -CN, -NO2 and -OH), 1- or 2-napthyl, 

2- or 3-indolyl; 2-, 3- or 4-pyridyl; 2- or 3-thienyl; 1-, 2- or 3-pyrrolyl; 2- or 

3- (l-methyl)pynolyl; 2- or 3-ftayl; 

R 22 and R 23 are independendy H, alkyl (C! - C 8 , linear or branched), 

-(Oi^o-XVCH^pR 27 , 

-(CH^-CO^ 27 , 

-(CH^o-R 27 , 

-(CH^o-CONR^R 29 , 

-OCOCCH^-R 27 , 

-OCONHCCH^o-R 27 , 

-NHC0 2 (CH 2 ) 0 -R 27 ; 

R 24 and R 25 are independendy H, alkyl (C, - Q, linear or branched), or together with 
the N of the NR^R 25 group form an unsubstituted. saturated or unsaturated, 4-7 
membered heterocyclic ring; 

R 26 is H, lower alkyl {Ci - C 4 , linear or branched), phenyl or phenylmethyl; 

R 27 is H, alkyl (C 3 - C 6 , linear or branched), cycloalkyl (C 3 - Cg), substituted or 
unsubstituted phenyl or phenylmethyl (substituents are 1 or 2 of halo, -CH 3 , -OCH 3 , 
-C0 2 H, -NO^, -CF 3 or -OH), 1-adamantyl, 2-adamantyl; 
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R 28 and R 29 are independently R 27 or together with the N of the NR^R 29 group form 
an unsubsrituted. saturated or unsaturated. 4-7 memhered heterocyclic ring, or 
benzofused4-7 membered heterocyclic ring; 

and wherein: 

aisO-3 

bis0-2 

c is 0 or 1 

disO-2 

e is 0 or 1 

fis0-4 

gisO-3 

hisO-2 

iisO-3 

j is 0-2 

kisQ-3 

IisO-3 

raisO-3 

n is 0 - 4 

o is 0-3 

p is 0 - 3 

q is 0 - 4 

XMsCH^S 

X 2 isO,H 2 ,S 

X 3 isO,H,,S,F 2 

X 4 is absent, -0-, -CHOH-, -CO-, -S0 2 - 

X 5 is absent, -OCCH^-.-CCH^q-CO-, 

-OCCH^-CO-, -S-(CH2) q -, -S02(CH 2 ) q -, 
-S0 2 (C3l2) q -CO-, -SOCCHj),-, -NHfCHi),-, 
-NCH3CC3I2),,-, -NHCCH^CO-, NC^CCH^CO-. 

z=z can be either a single or double bond; when two occur in the same molecule 
they must be simultaneously double or single. 
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2. Compounds of Claim 1 or phannaceutically acceptable salts thereof, wherein: 

A is vn 

Bis X, XIV 

C is XV, XVI or XVII 

3. Compounds of Claim 2 or pharmaceurically acceptable salts thereof, wherein: 

BisX 
CisXV 

R 3 is at the 3- position of the aryi ring 
R 4 isH 

R 6 isHorCH 3 
R 7 isHorCH 3 



and wherein: 

c + d + e=0orl 
fisOorl 
gisO, lor 2 
h is 0 or 1 
X^O 
X 2 isOorH2 

4. Compounds of Claim 3 or pharmaceurically acceptable salts thereof, wherein: 

R 6 isH; 
R 7 is H: 

R 8 is ten-butyl, cycloalkyl (C 3 - C 8 ), substituted or unsubstituted phenyl (substituents 
are 1 or 2 of halo, alkyl fC v - C 3 ), alkoxy (Cj - C 3 ), -CO2H, -NO* -CF 3 or -OH), 
CHR^R 23 ; 

R^isHhala-CH^ -OCH 3 ; 
R 14 is H; 
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X 3 
It 

R 15 is — (CH 2 )i— C— D— R« XXI 

wherein D is absent. Gly or p-Ala: 

R 18 is -OH, lower alkyl (C t - C 4 , linear or branched), lower alkoxy (C x - C 4 , linear or 
branched), NR^R 25 ; 

R 22 and R 23 are independendy H. lower alkyl fCj - C 6 , linear or branched), lower 
alkoxy (Cj - C* linear or branched) 

-(CH2) 0 -X 5 -(CH 2 ) p -R 27 
-tCHaVR 25 

R 24 and R 25 are independendy H, methyl, ethyl or in combination with the N of the 
NR22g23 group together form an unsubstituted, saturated or unsaturated, 4-7 
membered heterocyclic ring; 

cisO 
disO 
eisOorl 
i is 0 or 1 
X 3 isOorH 2 

5. Compounds of Claim 4 or pharmaceutically acceptable salts thereof, wherein: 

R 3 is -CI, -Br, -CH 3 or -OCH 3 
R°isH 

R w is-(CH2) r C02H 

R 22 and R 23 are independendy lower alkyl (Ci - C 6 , linear or branched), 
-(CH^o-O-CCH^p-Ph, -(CH^-Ph. 

eisO 
fisl 
gis 1 
hisO 

stereochemisny at R 15 substituent is R. 
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6. Compounds of Claim 2 or pharmaceuricaily acceptable salts thereof, wherein: 

R 7 R 8 

B is -N C- XXm 

I II 
R 6 X 2 

(X where c = d = e = zero) 
C is XVIorXVH 
R 6 and R 7 are independendy H or CH 3 ; 

'I 

R 15 is -(CH^-C-fc" XXIV 
(XXI when D is absent) 

R 16 is phenyl, phenylmethyl, phenylmethoxy, cyclohexyi; cyclohexylmethyl, 
cyclohexylmethoxy; 

R 18 is -H, -OH. -NR^R 25 , lower alkoxy (C, - C 3 ); 

R 24 and R 25 are independendy H, lower alkyl (C t - C 4 , linear or branched), or 
together with the N of the NR^R 23 group form an unsubstituted, saturated, 4-7 
membered heterocyclic ring; 

f + g= I or2 
i isO, I or 2 
X^O 

X 2 and X 3 are independendy O or H 2 . 
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7. The following particular compounds within claims 2 to 6 or pharmaceutical!/ 
acceptable salts thereof: 

Example No. 

1 (3R)-2-lN-(3-Chlorophenyicarbamoyl)-0-benzyl-throonyI]- 1 ,2,3,4- 
tetrahydroisoquinoline-3-acetic acid. 

2 (3R)-2-|N-(3-Bromophcnyicarbamoyl)^-benzyl-thieonyl]-lA3^ 
tetrahydroisoquinoline-3-acetic acid. 

3 (3R)-2-[N-(3-Me±yIphenylc^ 
tetrahydroisoquinoline-3-aceric acid. 

4 (3R)-2-[N-(3-Acetylphenylcarbamoy 
tetrahydroisoquinoline-3-acetic acid. 

5 (3R)-2-[N-(3-Isopropoxyphenylc^ 
tetrahydroisoquinoline-3-aceuc acid. 

6 (3R)-2-[N-(3-Cyanophcnylcarba^^ 
tetrahydroisoquinoIine-3-aceric acid. 

7 (3R)-2-[N-(3-ChiorophenyIcarbamoy 
tetrahydroisoquinoline-3-aceuc acid. 

8 (3R)-2-[N-(3-CWorophenylc^bamoyl)-0-ben2oyl-threonyi]- 1,2,3,4- 
tetrahydroisoquinoiine-3-acetic acid. 

9 (3R)-2-[N-(3-CMorophenylcarbM^ 
tetrahydroisoquinoiine-3-aceuc acid. 

10 (3R)-2-[(2S)-2-(3-Trifluoromethylphenyicarbamoylamino)-hexanoyl]- 
tetrahydroisoquinqIine-3-acetic acid. 

11 (3R)-2-[(2S)-2-(3-ChlorophenyIcarbamoylamino)-hexanoyi]-l£3 f 4. 
tetrahydroisoquinoIine-3-acetic acid. 

12 (3R)-2-[(2S)-2KN-(3-ChIoropte 
tetrahydroisoquinoIine-3-acetic acid. 

13 (3R)-2-[(2S)-2-(3,4-DicMorophenyI^ 
tetrahydroisoquinoline-3-aceric acid. 

14 (3R)-2-[(2S)-2-(2-Methylphenylc^bamoy 
tetnihydroisoquinoIine-3-acetic acid. 

15 (3R)-2-[(2S)-2<4-Methylphenylcart 
tetrahydroisoquinoline-3-acetic acid 

16 (3R)-2-[(2S)-2-(3-Methoxyphenyica* 
tetrahydroisoquinoiine-3-acetic acid. 
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Example No. 

17 (3R)-2-[(2S)-2-(3-Chlorophenyic^ 

tetrahydroisoquinoline-3-acetic acid 
75 (3R)-2-[N-(3-Chlorophen^ 

acetic acid 

19 (3R)-2-[N-(3-Bromophenyk^a^ 
acetic acid 

20 (3R)-2-[N-(3-Methylphenyicarb^ 
3-acetic acid 

21 (3R)-2-[(2S)-2-(3-CMorophenylcaA^ 
tetrahydroisoquinoiine-3-aceric acid 

22 (3R)-2-[(S)-aK3-Chlorophenylcari5amoylamino)-phenylacetyI]- 1 ,2,3,4- 
tetrahydroisoquinoiine*3-acetic acid 

23 (3R)-2-[(S)-a-(3-MeAylphenyl<^ 
tetrahydioisoquinoline-3-acetic acid 

24 (3R>2-[(2S)-3-(2-Adamantyto^ 

propanoyl].l,2,3,4-tetrahydroisoquinoline-3-acetic acid 

25 (3R)-2-[(2S,3R)-2-f3-Chlorophenylcarb 
tetrahydroisoquinoline-3-acetie acid 

26 (3R)-2-[N-(3-Chloit)phenylcarbam^^ 
tetrahydroisoquinoline-3-carboxylic acid 

27 (3R)-2-[N-(3-Bromophenylcarbamoyl)^benzyl-thrconyl]-I^ f 3^4- 
tetrahydroisoquinoUne-3-carboxyIic acid 

28 (2R,4S)-l-[N-(3-Chlorophenylcarbamoyl)-0-ben2yl-threonyl]-4- 
phenylpyrrolidine-2-carboxylic acid 

29 (2R,4R)-l-[N-(3-Chlorophenylcarbamoyl)-0-benzyl-thrconylJ-4- 
phenylpyiTOlidine-2-acetic acid 

30 (2R^S)-l-[N-(3-ChlorophenyIcarbamoyl)-0-ben2yi-threonyl]-5- 
phenylpyrrolidine-2-carboxylic acid 

31 (3R)-2-[(2SJR)-3-Ben2yloxy-2-(3^ 
l^^tetrahydroisoquinoline-S-acetic acid 
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8. Compounds of Claim 1 or phaimaceurically acceptable salts thereof, wherein: 

A is II. IE. IV, V or VI 

BisX 

CisXVm 

and wherein: 

R 1 is a -OH, halo, -CH 3 , -OCH 3 , -CN, -C0 2 H or CF 3 ; 

R 2 is absent. H, alkyl (C, - C fi , linear or branched), -CO-alkyl (C t - C 6 , linear or 
branched), -C0 2 -alkyl (Q - C 6 , linear or branched); 

R 6 is H. or alkyl (C t - C 6 , linear or branched); 
R 7 isH; 
cisO 

X 2 and X 3 are independendy H 2 or O. 

9. Compounds of Claim 8 or phannaceutically acceptable salts thereof, wherein: 
D (in the exemplifications of C showing it) is absent. Gly, 0-Ala, XK or XX; 
and wherein: 

RMsH; 

R 2 is absent orH; 
R*isH 

R 8 is H, the side chain of a naturally occurring a-amino acid, CHR^R 23 ; 
R 18 is -OH, -OCH 3 , NR^R 25 ; 

R 22 and R 23 are independendy H, alkyl (C t - C 8 , linear or branched), 
-(CH^-X^CH^-R 27 , -(CH2) 0 -C0 2 R 27 or (CH^-R 27 ; 

• 

R 24 and R 25 are independendy H or alkyl (C x - C 4 , linear or branched), or together 
with the N of the NR^R 25 group form an unsubstituted, saturated, 4-7 membered 
heterocyclic ring; 
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R 27 is H. branched alkyl (C 3 - Q), cycloalkyl (C 3 - C 8 ), phenyl, 1-adamanryl, 
2-adamantyl: 

a is 0-2 
d and e are 0 
f is 1-3 
i is lor 2 

are all double bonds. 

10. Compounds of Claim 9 or pharmaceurically acceptable salts thereof, wherein: 



A is 




N 



XXV 



H 



(II where 



is a double bond, R^R 2 = H, a = l,X l =0) 



O is absent. 




XXVI 



CO- 



(XIX where R 16 is H, j = zero) 




xxvn 



(XX where R 16 is H. j = zero) 



and wherein: 



R" is cycloalkyl (C 5 - C 8 ); 
R^isH; 

R 23 is alkyl (Cj - C 8 , linear or branched), -(CH^-R 27 . 
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1 1. The following particular compounds within Claims 9 and 10 or pharmaceutical^ 
acceptable salts thereof: 

Example No. 

32 Methyl N-(2-cyclohexylemyI)-N-((2S)-2-(34nddeacetylarnmo)-hexanoyI)- 
glycinate. 

33 N-(2<:ycIohexylethyl)-N-((2S)-2-(3-m^ 

34 l-{N-a-tyclohexyletoyl)-N-((2S)-2-^ 
pyrrolidine. 

35 MemyiN-{N-(2-cyclohexyIemyl)-N-((2S)-2-(3-indoleacetylammo)-hexanoyl> 
giycyl } -D-prolinaie. 

36 N-{N-a-CyclohexyIethyl)-N-((2S>2-(3-mdoleacetylannno)-hexanoyl)-glyc^^ 
D-proline. 

37 N-{N-(2-Cyelohexyiethyl)-N-((2SV2-(3-ind^ 
D-pipecolic acid. 

38 N-{N-a-Cyclohexylethyl)-N<(2S)^ 
glycine. 

39 l-{N-(2-Cyclohexyimemyl)-N-((2S)-2^^ 
pyrrolidine. 

40 l-{N-(2-Cyclohexyunethyi)-N-((2S)-2-(3-indo 
proline. 

41 l-{N-(2-Cyclohexylmethyl)-N-((2S^ 
D-proline. 

42 i-{NK<^cIooctylmethyl)-N-((2S)-2-(3-m^ 
D-proline. 

43 l:t3-{N-(2-Cyclohexylemyl)-N-((2S)-2-(3-inaoleacetylainino)-hexanoyl)- 
amino } -propano yl } -pyrrolidine. 

44 N-(3-Cyclohexylpropyl)-N-((2S)-2-(2-indolecari^ 

45 N-(3-Cyclohexylpropyl)-N-(N-(3-mdoleacetyl)-phenylalanyl)-glycine. 

46 N-(2-Cyclohexylemyl)-N<(2S)-2-(34s()quinolinecaroonylanaino)-4- 
phenylbutanoyl)-glycine. 

47 N-{N-Phenethyl-N-((2S)-2-(3-indoIeacetyian^ 

174 l-{N^-Cyclohexylemyl)-N^N<3-mdoleacetyl)-phenyialanyl)-glycyl}- 
D-proline. 

175 l-{N-a-Cyclohexylemyl)-N-r(2S)-2-(3^ 
glycyl}-D-proline. • 
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12. Compounds of Claim 1 or pharmaceuticaily acceptable salts thereof, wherein: 




A is DC, ( v //j*r (CH 2 ) r C- XXVHI 

Y 
R 2 

(II where — is a single bond) 



OQ- <ch * 



X 1 

II 

C- XXK 



R 2 

(TV where ==z are single bonds) 

"occf - 

(V where — are single bonds) 
R 8 X 2 

B is -N ^ (CH 2 )3- C - (CH 2 ) e - XXXI 

R 6 

(X, where R 7 is H and c is zero) 
XI, XII. XIII and XIV 

CisXV 
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13. Compounds of Claim 12 or phannaceuticaUy acceptable salts thereof, wherein: 
R 1 is H, halo, -CH 3 or -OCH,. 
R 8 is H or CHR^R 23 or phenyl. 

R 11 and R 12 are independently H or phenyl, or together when on adjacent carbons 
R 11 and R 12 may form a second fused aromatic ring, yielding a napthyl moiety. 

R u isH. 

X 3 
II 

R is H, or — (CH2)i— C— D — R 18 XXI 
R 18 is -OH, -OCH 3 or -NH 2 ; 

R 22 and R 23 are independendy H. alkyl (Q - C 4 , linear or branched), 
-(CH^o-XS-CCH^p-R 27 , -(CH^-R 27 ; 

R 27 is cydoalkyl (C 3 - C g ), phenyl; 
and wherein: 

aisOorl 

d is 0 or 1 

eisO 

fisO-2 

gisO-2 

iisO-2 

X l isOorH 2 

X 2 isOorH 2 

X 3 isOorH 2 

X 5 is absent or -O- 
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14. Compounds of Claim 13 or pharmaceutically acceptable salts thereof, wherein: 

R 1 



A is 




xxxn 



R2 

(XXVin with a = zero and X 1 = O); 



Cis 




xxxm 



(XV where f is 1, g is 1, h is 0, R 13 and R 14 are H, and R 15 is -(CHjXCCsH), 




XXXIV 



(XV were f is 1, g is 0, h is 1. R 13 and R 14 are H, and R 15 is -(CH^CCkH); 
R 2 is-C02R 19 ; 

R 9 and R 10 are independendy R 5 , phenylthio, phenoxy, 1-napthyl or 2-napthyl; 

and wherein: 

i+j =0-4 

X 4 is absent or -CO-. 
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15. The following particular compounds covered by Claims 12 to 14, or 
pharmaceuncally acceptable salts thereof: 

Example No. 

48 (3R)-2-{N-((2R)-l-rm-Butyioxycarton 

benzyl- threon yl } - 1 ,23,4-tetrahydroisoquinoline-3-aceric acid. 

49 (3R)-2-{(2S)-2-((2R)-l-r«r-Bu^ 
carbonylainmo)-4-phenylbutanoyl}-l^ t 3,4-tetrahydroi^ 
acid. 

50 (2R)-l-{(2S)-2K(2R)-I-ren^Butyioxyca^ 
carbonylamino)-4-phenylbutanoyl } -2,3-dihydroindole-2-acetic acid. 

51 (3R)-2-{((2R)-l-fm-Butyloxycarbonyl-23-dmydromdole-2-carbonyl>vdyl}- 
l,23,4-tetrahydroisoquinoline-3-aceric acid. 

52 (3R)-2-{((2R)-l-rerr-Butylacetyl-2,3-^ 
l,23,4-tetrahydroisoquinoiine-3-acetic acid. 

53 (3R)-2-{((2RH-ferf-Butyloxycarbonyl-23 

1 ,23.4-tettahydroisoquinoline-3-carboxylic add. 

54 (3R)-2-{((2R)-l-rerr-Butyloxycarbonyl-2^-dmydromdole-2-carbonyl>- 
isoleucyl}-l,23,4-tetrahydroisoquinoline-3-aceuc acid. 

55 (3R)-2-{(S)-a-((2R)-l-rcrr-Butyloxycarbonyl-23-dmydroindole-2- 
caroonylanmio)-phenylacetyl)-i^3,4-tetrahyd^ 

56 (3R)-2-{((2R)- l-rerr-Butyloxycarbonyl-23-dihydroindole-2-carbonyl)- 
D-prolyl}-l,2,3,4-tetrahydroisoquinoHne-3-acetic acid. 

57 (3R)-2-{(2R)-H(2R)-l-r«T-Butyloxycart^^ 
2,3Kimydroin(iole-2-carbonyl}-l,2,3,4-te^ 

58 (3R)-2-{(2R3SH-((2R)-l-*err-Butyto^^ 

3- phenyI-pyrroUdine-2-carbonyl}-1^3,4-tetrahydroisoqumolme-3- acid. • 

59 (3R)-2-{(2R,4S)-l-((2R)-l-rm-Butyloxyca^ 

4- phenylthio-pyiroUdine-2-carbonyl}-U 
carboxylic acid. 

60 (3R)-2-{(2R,4S)- H(2R)-l-^-Biiryloxycarbonyl-2>dmydro^^ 
4-phenyIthicHpym)lidine-2-carbonyl}-l t 2,3Atetrabydroisoqumoune-3-ac^ 
acid. 

61 (3R)-2-{(2R,4RVl-((2R)-lwm-Butyloxycarbonyl-2,3 
4-phenylmio-pym)Iidine-2-carbonyl} -1,2,3^ 
carboxylic acid. 
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Example No. 

62 (3RV2- { (2R.4R)-1-((2RV l-rm-Butyloxycarbonyl.2,3^ydroindole-2^arbonyi)- 
4-benzyloxy-pyrrolidine-2-carfaonyl } - 1 ,2,3 ,4- tetrahydroisoquinoline-3- 
carboxylic acid. 

63 (3R)-2- { (2R,4R)-1-((2R)- l-rm-Butyloxyc^onyl-2,3^ydroindole-2-carbonyi)- 
4-phenoxy-pyrrolidine-2-caibonyl } - 1 ,2,3, 4-tetrahydioisc>quinoline-3-carboxyIic 
acid. 

64 (3R)-2-{(2R,4RH-((2R)-l-/m^ 
4-phenyl-pyirolidine-2-carbonyl}-l,^^ add. 

65 (3R)-2-{(2R,4S)-l-((2RM-^ 

4-phenyl-pyirolidine-2-carbonyiH acid 

66 (3R)-2-{(2R,4S)-l-((2R)-l-rm-B^^ 

4- benzyl-pyirolidine^ 
acid. 

67 2-{(2R^S)-l-((2R)-l-rm-Butyloxy^^ 
phenyl-pyiTolidine-2<arbonyl}-1^3»4-tetrahydroisoquino^ 

68 Methyl (3R)-2-{(2R,5SH-((2R)-Um-^ 
carbonyl)-5-phenyl-pyiroUdine-2-c 
carboxylate. 

69 (3R)-2-{(2R,5S)-H(2R)-l-rm^ 

5- phenyl-pyrrolidine-2-cato 
acid. 

70 (3R)-2-{(2R,5S)-H(2R)-l-fm-B^ 
5-phenyl-pyrrolidine-2-carbonyl } - 1 A3,4-tetrahydroisoquinoiine-3<arboxamide, 

71 N-{(3R)-2-{(2R,5S)-H(2RH-te^Buty^^ 
c»rbonyl)-5-phenyl-pyrrolidine-2-carbonyl ) - 1 ^3,4-tetrahydroisoquinoline-3- 
carbonyl} -glycine. 

72 (3R)-2-{{2R,5SH-((2R)-l-Neo^^ 
carbonyl)-5-phenyl-pyrrolidine-2<art^^ 
carboxyiic acid. 

73 (3R)«2- { (2R,5S)- 1-((2R)- l-Isofm)pyIoxycarbonyl-2,3Kiihydroindole-2H^xbonyl)- 
5-pheny l-pyrrolidine-2-carbonyl } - 1 ^,3,4-tetrahydroisoquinoline-3-carboxylic 
acid. 

74 (3R)-2- { (2R^S)- 1-((2R)- l-tyclohexyloxycarbonyl-2,3^y 
cartonyl)-5-phenyl-pym)lidine-2<aA^^ 

carboxyiic acid. 



WO 93/20099 



PCT/GB93/00614 



270 

Example No. 

75 (3R)-2- {(2R,5SH-((2R>- l-a-AdanHntyi)oxycarfaonyl-2^-dihydroindole-2- 
carbonyi)-5-phenyl-pynoiidine-2-carfaonyi }- 1,2,3 ,4-tetrahydroisoquinoiine-3- 
caiboxylic acid. 

76 (3R)-2-{(2R5SH-((2RH-Krr-Butyl(^araoyl-23^^ 
5-phenyl-pym>Iidine-2-carbonyl } -1 A3,4-tetrahydroisoquinoline-3-carboxyiic 
acid. 

77 (3R)-2-{(2R^S)-H(2R)-l-/e/T-Butylacety^ 
phrayl-pyroHdine-2H;arbonyl}-l^ 

acid. 

78 (3R)-2-{(2R^S)-H(2RM-rerr-Butyioxyc^on^^^ 
5-phenyl-pymjUdine-2-carbonyI}-l,2,3,4-t^^ 

79 N-{(3R)-2-{(2R^S)-l-((2RH-fOT-Butyfo^ 
caxbonyl)-5-phenyl-pyirolidine-2^arbo^ 
acctylj-proline. 

80 N-((3R)-2-{(2R5S)-lK(2R)-l-feft-ButyIoxycarbonyi-2^-dihydroindole-2- 
carbonyl)-5-phenyI-pyiroUdine-2*^ 

aceiyl}-D-proiine. 

81 (3R)-2-{(2R5S)-l-((2R)-l-Neopcntyloxycarbo^ 
carbonyl)-5-phenyl-pym>Udine-2K:a^ 
3-aceric acid. 

82 (3R)-2-{(2R5S)-l-((2R)-l-<^clohexyloxycar^^ 
caxbonyl)-5-phenyl-pyiroHdine-2-carbo^ 
3-accric acid. 

83 (3R)-2-{(2R^SH-((2R)-l-(2-Adainamy^^^ 
carbonyl)-5-phenyl-pyrroUd^ 
3-aceric acid. 

84 (3R>2-{(2R^S)-l-((2R)-l-fm-ButyloxycaA^^ 
5-phenyl-pyroU<iine-2-carbonyn^ 
carboxylic acid. 

85 (3R)-2-{(2RJS)-l-((2R)-l-r^ButyIoxycaibonyi-23-dmydroindoIe-2-carbonyl)- 
5-phenyl-pyroMne-2-carbonylH^ 

acetic acid. 

86 (3R)-2-{(2R5S)-l-((2R)-l-rerr-Butyioxycarbonyl-2,3-dihydroindole-2-^ 
5-beozyI-pyroHdme-2-carbonyl}-l,^ 



WO 93/20099 



PCT/GB93/00614 



271 

Example No. 

87 (3R)-2-{(2R,5S)-l-((2R)-l-^ 
5-(2-naphthyl)-pyrroiidine-2H:ara 
carboxylic acid. 

88 (3R)-2-{(2S,5R)-K(2R^^ 
5-phenyl-pyiTolidine-2-carbon^^^ 
acid. 

89 (3R)-2- { (2S,5R)- l.((2R)4-rm-Butyloxycarbonyl-2,3^ydroindole-2^arbonyl> 
5-phenyl-pyrrolidine-2-carbonyl}-l^^ 

90 (3R)-2- { N-Phenethyl-N-((2R)-l-rm-butyioxycarbonyl-2,3^ydroindole-2- 
carbonyl)-glycyl } - 1 ,23»4-tetrahydroisoquinoline-3-carboxylic acid. 

91 (3R)-2-{N-3-Phenylpropyl-N-(^ 

carbonyl)-glycyl } - 1 ,23t4-tetrahydroisoquinoline-3-carboxylic acid. 

92 (3R)-2- { N-Benzyl-N-((2R)- l-rm-butyloxycarbonyl-2 t 3-dihydroindole-2- 
caibonyl)-glycyl } - 1 ,23,4-tetrahydroisoquinoline-3-acetic acid. 

93 (3R)-2-{N-Phenethyl-N-((2RM-rm^^ 
carbonyl)-glycyl ) - 1 f 2,3,4-tetrahydroisoquinoline-3-aceric acid. 

94 (3R)-2-{N-3-Phenylpropyi-N-((2R^ 

carbony l)-glycy 1 } - 1 ,23.4-tetrahydraisoquinoiine-3-aceric acid. 

95 (3R)-2- { 3- { N-PhenethyI-N-((2R)- i-fm-butyioxycarbonyi-2,3-dihydroindole-2- 
carbonyD-amino } -propanoyl}-l,23,4-tetrahydteisoquinoiine-3-accric acid. 

96 (3R)-2-{N-PhenethyI-N^ 

caibonyl)-glycyl } - 1 t 2,3»4-tetrahydroisoquinoiine-3-acedc acid. 

97 (3R)-2-{N-Phenethyl-N-((2RH-neopen^^ 
carbonyl)-glycyl } - 1 ,2»3,4-tctrahydroisoquinoiine-3-aceuc acid. 

95 (3R)-2-{N-Phenethyl-N-((2R)-l^ . 

carbonyl)-glycy 1 } - 1 ,23 ,4-tetrahydioisoquinoline-3-acetic acid. 
99 (3R)-2-{N-3-Chlorophenethyl^-((^ 

dihydrofodole-2-carbonyl)-glycyl}-^ 

acid. 

100 (3R)-2-{N-(2-Oxo-2-phenylet^ 
dihydroindole-2-carbonyl)-glycyi}^^ 
acetic acid. 

101 (3R)-2-{N-(2<3-Indolyl)ethyl)^ 
dihydroindole-2-carbonyl)-glycylH^ 
acetic acid. 
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Example No . 

102 (3R)-2-{N-Phenethyl-N<(2RM-^ 

carbonyi)-gIycyl}-I,2> 3 ^ 

103 (3R)-2-(N-Phenethyl-N-((2R)-lwm-butyloxy^ 
caibonyl)-gIycyl} - U3,4-tetrahyd^benz(/]isoquiiioline-3-acetic acid 

104 (3R)-2-{N-Pivaloyl-N-((2R)-iwm-b^ 

methyI)-glycyl}-U3>tetrahydroisoquinoike-3-acericacid- 

105 (3R)-2-{3-((2R)-l-rerx-Butyloxycari^^ 

naphthalene-2-carbonyl}-lA3,4-fcttahydroisoquinoIme-3-acericac^ 

106 (3R)-2-{3-((2R)-Re^Butyloxy<^^ 

naphthaIene-2-carbonyl}.l^,4-tenabydioisoqiiinoline-3^a^ 

107 (3R)-2-{(2R)-l-((2R)-l-rerr-Butyloxycarbo^ 
^phenyI-2^-dihydropynole-2H^o^^^ 
acetic acid. 

108 (3R)-2-{(2R5S)-H(2RH-rerr-Bu^ 
carb(myl)-5-phenyI-pym>lid^ 
carboxylic add. 

109 (3R)-2-{(2S)-2-((2R)-I-re^Butyloxyca^ 
rc«yiarnino)^phenylbuBmoyl}-^ 

131 N-{(3R)-2-{(2R^S)-l-((2RM-rOT-Bu^^ 
carbonyl)-5-phenyI-pyirolidi^^^ 
carbonyl} -proline. 

132 N-{(3R)-2-((2S4R)-H(2RH-rm-Butyiox^^ 
caAonyi)-5-phcnyl-pyrroli^ 
carbonylj-proline. 

133 N-{(3R)-2-{(2S.5R)4-((2R)-l.te r r-Butyioxycarbonyl.23Kiihydro 
carbonyl)-5-phenyl-pyiroUdin^^^ 
3-carbonyl}-D-proline. 

134 (3R)-2-{(2R5S)-l-((2R)-l-rerr-Butyloxyca^ 
carbonyl)-5-benzyl-pynoHdine^^ 
3-carboxylic acid. 

135 (3R)-2-{N-2-ChlorophenethyI-N-((2R>l.fm-butyloxycarbonyI-2,3- 
^ydn>indole-2-carbonyl)-glycylH^ 

acid. 
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136 (3R)-2- {N-4-Chlorophenethyl-N-f (2R)-l-rert-butyloxycarbonyl-2.3- 
dihydroindole-2-carbonyi)-glycyi } - 1 Z3,4-tetrahydroisoquinoiine-3- 
acetic acid. 

137 (3R)-2-{N-2-iMethoxyphenethyl-N^(2R)-l-terf-butyloxycarbonyl-2^- 
dihydroindole-2-carbonyl)-glycyi } - 1,2,3 Atetrahydroisoquinoline-3- 
aceric acid. 

138 (3R)-2-{N-3-Methoxyphenethyl-N-((2R)-l-rerr-butyloxycarbonyi-2,3- 
dihydroindole-2-carbonyl)-glycyl J - l,2,3,4-tetrahydroisoquinoline-3- 
acedc acid. 

139 (3R)-2-{N-4-Methoxyphenethyl-N-((2R)-l-Krr-butyloxycarbonyl-23- 

dihydroindole-2-carbonyl)-glycyl}-1^3,4-tetrahydn)Boquinoline-3- 
acetic acid. 

140 (3R)-2-{N-PhencthyI-N-((2R)-l-rm-butyloxycarbonyl-2^^ydroindole- 

2^arbonyl)-glycyl}-12,3,4-tetnUiydK^ben2{h]isoquinoline-3^arboxylic 
acid. 

141 (4RS)-2- {N-PhenethyI-N-((2R> l-rm-butyloxycarbonyl-2,3-dihydroindole-2- 
carbonyl)-glycyl } - 1 ,2,3,4-tetrahydroisoquinoline-4-acetic acid. 

142 (4RS)-2-{(2R^S)-lK(2RVl-/m-Butyioxycarbonyi-2J-dihydioindole-2. 
carb<>nyl)-5-phenyl-pym>Hdine-2-carb^^ 

4-acenc acid. 

143 (3R)-2-{(2R,5S)-l-((2R)-l-Cyclobutyloxycarbo^ 
carbonyl)-5-phenyl-pym>lidine-2-caibonyl}^^ 
3-carboxylic acid. 

144 (3R)-2-{(2R.5S)-l-C(2R)-l-CyciopentyIoxycarbonyl-2,3<imydroindole-2- 

carbonyl)-5-phenyl-pyrroUdine-2^aibonyl)-lA3,4-tetrahydroisoquinoline- 
3-acetic acid. 

145 (3R)-2-{(2R,5S)-H(2R)-l-Cyclopentyloxycarbo^ 

carbonyl)-5-phenyl-pynr>lidine-2-carbonylH 
3-carboxylic acid. 

146 (3R)-2-((2R,5S)-l-((2R)-l-(2-ero-Norbomyl)oxycarbonyl-23-dihydroindole-2- 
carbonyl)-5-phenyl-pyrroUdine-2-carbonyl } -1 ^,3,4-tetrahydroisoquinoiine- 
3-carboxylic acid. 

147 (3R)-2-{(2R.5S)- l-(j:2R)-l-Cyclododecyloxycarbonyl-2,3-dihydroindole-2- 
carbonyl)-5-phenyl-pyrroU(iine-2-carbonyl}-i;^ 

3-carboxylic acid. 
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Example No. 

148 (3R)-2-{N-Phenethyl-N-((2R)^ 
carfaonyl)-glycyl}-l,2,3,4-tctrafaydroisoquinoline 

149 N-{(3R)-2-{(2S.5RM-((2RH<err-B^ 

carbonyi)-5-pheny i-pyroIidke-2-carbonyl } - 1 ,2, 3,4-tctrahydroisoquinoiine- 
3-acctyl) -proline. 

150 (3R)-2-{N-2-(2-Methoxyphe^ 
dihydroindole-2-carbonyi)-gl^^ 
acid. 

151 (3R)-2-{(2R^S)-H(2RH-(3^ 

2- carbonyl)-5-phenyi-pyirolidine^ 

3- carboxylic acid. 

152 (3R)-2-{(2R,5SH-((2R)-l-Cycioh^ 
carbonyl)-5-phenyI-pynotfdine-2^ 
3-carboxylic acid. 

153 (3R)-2-{(2R,5S)-l-((2RH^ 
carbonyl)-5-phenyH?yrroUclin^^ 
3-carboxylic acid. 

154 (3R)-2-{(2R,5S)-M(2R)-l^ 
dihydroindole-2-carbonyi)-5-phew^^ 
tetrahydroisoquinoiine-3-carboxylic acid. 

155 (3R)-2-{(2R,5S)-l-((2R)-l-((^ 
dihydroindoIe-2-carbonyl)-5-phenyl-pyrroIidine-2-carbonyl } -1,2,3,4- 
tctrahydroisoquinoIine-3-carboxylic acid. 

156 (3R)-2-((2R,5S)-l-((2RH-(3,3-Dim^ 
2^arbonyi)-5-phenyi-pyrroHdine-2-carbon^^ 
3-aceric acid. 

157 (3R)-2-{(2R,5S)-l-((2R)-l-(l-Piperidino)carbonyl.23-dihy 
carbonyl)-5-pheny l-pyrrolidine-2-carbonyl } -1 ,2,3 ,4-tetrahydroisoquinoline-3- 
carboxyiic acid. 

158 (3R)-2-{(2R,5S)-l-((2R)-l-(N-Cy^^ 
dihydroindole-2-carbonyi)-5-phenyl-pyro 
tetrahydroisoquinoIine-3-carboxylic acid. 

159 C3R)-2-{(2R,5SH-((2R)-l-(4-re^ 
dihydnDindqle-2-carbonyl)-5-ph^ 
tetxahydroisoquinoline-3-carboxylic acid. 
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Example No. 

160 (3R)-2-{(2R.5S)-H(2R)-l-(2<i^Me 
dihydroindole-2-carbonyl)o-phenyl-p>^ } - 1 ,2,3,4- 
tetrahydroisoquinoline-3-carboxyiic acid 

161 (3R)-2- { (2R,5S)- l-((2R).l-f2-/ro«-Methylcyciohexyl)oxycarbonyl-2 t 3- 
dihydroindole-2-caifconyl)-5-phra^ 
tetrahydroisoquinoline-3-carfaoxylic acid 

162 (3R)-2-{N-Phenethyl^ 
dihydroindoIe-2-carbonyl)-giycyl^^ 
acetic acid 

163 (3R)-2-{(2R,5S)-l-((2R)-l-Cyclo^ 
carbonyl)-5-phenyl-pym)iidine-2-carbonyl }- 1^3 t 4-tctrahydroisoquinoline- 
3-carboxylic acid 

164 (3R)-2-{(2R,5S)-l-((2R)-l-(2-Cyclote^ 
caAonyl)-5-phenyl-pyrroH^ 
carboxylic acid 

165 N-{(3R)-2-{(2R^S)-l-(aR)-l-CycIohexyloxycarbonyl-2^-^ 

carbony l)-5-phenyl-pyiroiidine-2-cari)onyl } - 1 ,2,3,4-tetrahydroisoquinoline- 
3-carbony 1 } -proline. 

166 N-{(3R)-2-{(2R^S)-l-((2R)-l-^ 
carbonyl)-5-phenyi-pyiroUdine-2-c^ 
3-carbonyl } -proline. 

167 (3R)-2- { (2R,5S)- l-((2R)-l-rm-Butyloxycarbony 
carbonyl)-5-phenyl-pyirotidtae-2^arbonyl^^ 
propanoic acid 

168 (3R)-2-{N-3-MethylphenethyK^ 

dihydroindole-2-carbonyl)-glycy!H 
acetic acid 

169 (3R)-2-{N-(2-(l-Methylp^ 
dihydroindole-2-carbonyl)-glycyl}-l^ 
acid 

170 (3R>2-{N-(2-Thienyl)ethyl^ 
dihydroindole-2-carbonyl)-glycyl }- 1 ^,3,4-tetrahydroisoquinoline- 
3-acetic acid 
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Example No. 

171 (3R)-2-{N-((2RS)-l,2,3,4-Tenahydronaphih-2-yl)-N-((2R)-l- 
cyctohexyloxycarbonyI-2,3^ydroindole-2H:aibonyl)-glycyl}-1^3,4- 
tetrahydroisoquinoline-3-acetic acid 

172 (3R)-2-{(2RJS)-l<(2R)-l-Cyctohexyloxycarbonyl-23^ydroindoIe-2- 
carbonyl)-5-(4-mcthoxyphenyi)-pytroUdine-2^artonyl}-l^,3,4- 
tetrahydroisoquinoline-3-aceuc acid. 

173 (3R)-2-{N-(Indan-2-yl>N-((2R)-l^^ 
caibonyl)-glycyl}-l,2^,4-tetrahydroisoquinoline-3-aceticacxd. 

16. Compounds of Claim 1 or pharmaceuricaily acceptable salts thereof, wherein: 



N 

■ 

H . 

(II where R 2 is H and is a double bond), 

or an N-terminally blocked oc-amino acid residue containing an aromatic side chain; 
the N-terminal subsrituent is selected from R 2 ; 



A is 




XXXV 



R 7 R« 



Bis 




(X where c = d = e = zero) 



xxm 



Cis 




(XV where R 14 and R 15 are H, 
h»0) 



XXXVI 



and wherein: 



R 6 and R 7 are independendy H or CH 3 ; 
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R 22 and R 23 are independendy H. alkyl (C, - C 8 , linear or branched), .(CH^-R 27 or 
-(CH2) 0 -C0 2 R 27 ; 

X l isH 2 orO 
X 2 isH 2 ,OorS 

17. Compounds of Claim 16 or pharmaceurically acceptable salts thereof, wherein: 



. or R 2 -Trp; 

R 2 is rat-butyloxycarbonyl, phenylcarbonyl, phenylmethoxycarbonyl; 

R 6 andR 7 areH. 

R u isR 

18. The following particular compounds within Claims 16 and 17 or pharmaceurically 
acceptable salts thereof: 

Example No. 

1 10 l-{ren-Butyloxycarbonyl-tryptoph^yl-leucyl}-23^ydromdole. 

111 l-((2S)-2-(fm-Butyloxycarbonyl-tryptophanylainino)-hexanoyl}-23- 
dihydroindole. 

112 l-{(2S)-2K3-mdole-3-propanoylaiiuno)-hexanoyl}-2^-dmydromdole. 

113 l-{rm-Butyloxycarbonyl-tryptophanyl-phenylalanyl}-23^ydromdole. 
/ 14 l-{(2S)-2Kfm-ButyloxycaroonyI-tryptophanyian^ 

dihydroindole. 

/ 75 l-{fcrr-Butyloxycarbonyl-tryptophanyl-(3-0-benzyl)-D-aspartyl}-23- 
dihydroindole. 

/ 16 l^fm-Butyloxycarbonyl-tryptophanyl-aspartyl}-23Klmydroindole. 



A is 




xxxvn 



H 



(XXXV where R 1 is H and X 1 is O) 
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Example No. 

117 l-{;m-Butyloxycarbonyi-tryptophanyi-(y-0-benzyl)-glutamyi}-2,3- 
dihydroindole. 

118 l-{ferr-Butyloxycarbonyl-oyptophanyi-glutamyl}-2,3Kiihydroin^ 

119 2-{ferr-Butyloxy(^onyI-iryptophanyI-D-phcnylalanyl}-l t 2 t 3,4- 
tetrahydroisoquinoline. 

120 2-{(2R>2-(rm-Butyloxycarbonyl-ttypu)phanylainino)-4-phenylbutanoyI}- 
1^3,4-tetrahydroisoquinoIine. 

19. Compounds of Claim 1 or phannaceutically acceptable salts thereof, wherein: 



A is 




XXXV 




xxxvni 



(IV where R 2 is absent and are double bonds) 




II 



XXXK 



(V where R 2 is absent and ==z are double bonds), or R 2 -Trp; 



BisXXm; 



CisXV; 



D is absent, Giy or P-Alanine; 
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and wherein: 

R 2 is tert-bwyloxycarbonyl, phenyicarbonyl or phenylmethoxycarbonyl; 

R 6 and R 7 are independently H or CH 3 ; 

R^andR^arcH; 

R*MCH 2 ) r CO-D-R 18 ; 

R 18 is -OH, alkoxy (d - C 3 , linear or branched), NR^R 25 ; 

R 22 and R 23 are independendy H, alkyl (C { - C gt linear or branched), 
-(CH2) 0 -C0 2 R 27 , -(CH^-R 27 or-CCH^-O^CH^p.R 27 - 

a is 0 or 1 

iisO-2 

X 1 is 0,H 2 or S 

^isOorHj 

20. The following particular compounds within Claim 19 or their pharmaceutical^ 
acceptable salts: 

Example No. 

121 Ethyl (2R)-l-{rm-butyloxycarbonyl.tryptophanyMeucyi)-2 
dihydroindole-2-acetate. 

122 Ethyl (2S)- 1 - { (2S)-2-(rm-butyloxycarbonyl-tryptophanylamino)-hexanoyl } - 
23-dihydroindole-2-carboxylate. 

123 (2RH-{Indole-2^arbonyl-phenylalanyl}-23-d^ 

124 (2R)-l-{(2S)-2-andole-2K:arbonylaminoM-phenylbutanoyl}-23- 
dihydroindole-2-aceric acid. 

125 3-{(2R)-l-{(2S)-2-(Indole-2<arbon^ 
dihydroindole-2-yl } -propanoic acid. 

126 (2RH-{(2S)-2-(5-Huoroindole-2-ca^ 
dihydroindoIe-2-acetic acid. 

127 (2RH-{<2S)-2-(5-Chloromdole^ 
dihydroindole-2-acetic acid. 

128 (3R)-2-{(2S)-2-andple-2K:arbonylamino)-4.phenylbumoyl}-l^^ 
tetrahydroisoquinoline-3-aceuc acid. 
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Example No. 

129 N-{(2SW-{(2S)-2-ando^ 
dihydroindole-2-acetyi} -glycine. 

130 3-{(2S)-l-{(2S)-2-andole-2-carbonyla^ 
dihydroindole-2-carbonylamino } -propanoic acid. 

21. A medicinal composition comprising a compound or a salt thereof as defined in any 
of claims 1 to 20. 

22. The medicinal composition of claim 21, which acts as a CCK-A, CCK-B or gastrin 
receptor antagonist or agonist. 

23. The medicinal composition as defined in claim 22, which is a drug for the treatment 
of diseases or conditions induced by abnormality in a physiological function 
controlled by gastrin, including gastric and duodenal ulcers, gastritis, reflux 
esophagitis, gastric, colonic and other gastrin sensitive cancers, and 
Zollinger-EUison syndrome. 

24. The medicinal composition as defined in claim 22, which is a drug for the treatment 
of diseases or conditions induced by an abnormality in the physiological function 
controlled by the central CCK-B receptor, including anxiety, psychoses, Parkinson's 
disease, Tourette's syndrome, Huntingdon's chorea, disturbed appetite regulation 
and pain (including the treatment of pain by potentiation of opiate analgesia). 

25. The medicinal composition as defined in claim 22, which is a drug for the treatment 
of diseases or conditions induced by abnormality in a physiological function 
controlled by the CCK-A receptor including disturbed appetite regulation, 
pancreatitis, pancreatic cancer, disorders of gastrointestinal motility (including 
irritable bowel syndrome), and gall bladder dysfunction. 

26. A method of making a compound of the structure A-B-C as set out in any preceding 
claim wherein re octants giving the residues A, B and C are combined sequentially to 
form the compound. 
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27. A process for the production of the novel compounds of any of claims 1 to 20 
described by the general formula A-B-C (claim 1), which comprises linking the 
sub-unit A to B-C, via an amide bond, particularly by HOBt/WSCD or bis 
(2-oxo-3-oxazolidinyi) phosphide chloride mediated couplings. 

28. A process for the production of the novel compounds of any of claims 1 to 20 
described by the general formula A-B-C (claim 1), which comprises linking the 
sub-unit A to B-C, via a urea linkage, particularly by reacting the free amino 
terminus of B-C with the appropriate isocyanate. 

29. A process for the production of the novel compounds of any of claims 1 to 20 
described by the general formula A-B-C (claim 1), which comprises linking A-B to 
sub-unit C, via an amide bond, particularly by bis-(2-oxo-3-oxazolidinyl) phosphinic 
chloride mediated coupling. 

30. A process for the production of novel compounds of any of claims 1 to 20 described 
by general formula A-B-C (claim 1), which comprises functional group 
manipulation of compounds A-B-C prepared as described in any of claims 26 to 29, 
including the hydrolysis of carboxylic esters to carboxylic acids, the removal of 
amino blocking groups, and the replacement of amino or carboxyl blocking groups 
with other blocking groups. 

31. A method of preparation of a medicament for therapy by CCK-A, CCK-B or gastrin 
receptor antagonism or agonism, in particular for the diseases or conditions set out 
in any of claims 23 to 25, wherein a compound as defined in any of claims 1 to 20 is 
associated with a pharmaceutically acceptable diluent or carrier. 

32. A method of therapy by CCK-A, CCK-B or gastrin receptor antagonism or agonism, 
in particular for the diseases or conditions set out in any of claims 23 to 25, wherein 
an effective amount of a composition according to any of claims 21 to 25 is 
administered to a person in need of such therapy. 
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